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Description 

[0001] The present invention relates to detecting 
nudeic acid (DNA or RNA) aniprrfication, and more par- 
ticularly to real-tinne monitoring of multiple nucleic add 
amplification reactions, simultaneously. The invention 
also relates to a method for using the accumulated data 
to quantrtate the starting concentration of a target 
nudeic acid sequence provided in one or more of the 
mixtures and monitor the effect of amplification reaction 
conditions on the reaction kinetics. 
[0002] Various methods for detecting nudeic add 
amplification are known. A number of assays are known 
which quantitate the number of startng DNA templates 
in a polymerase chain reaction (PCR)» for example. 
Some involve the measurement of PGR product at the 
end of temperature thermal cycling and relate this level 
to the starting DNA concentration. Such an "endpoint" 
analysis, as has been typically done using PGR, reveals 
the presence or absence of target DNA but generally 
does not provide a usable measure of the starting 
number of DNA targets. 

[0003] Other assays involve the use of a oon^etitor 
amplification product whose template is added at known 
concentration to the reaction mixture before thermal 
cyding. In competitor-product protocols, an aliquot of 
the amplificaticn is examined by gel-el ectrophoresis. 
The relative amount of target-specific and competitor 
PGR product is measured; this ratio is used to calculate 
the starting number of target templates. The larger the 
ratio of target-specific product to competitor-specific 
product, the higher the starting DNA concentration. 
[0004] In addition to requiring "downstream" 
processing, such as hybridization or gel electrophore- 
sis, these other assays are more limited in dynamic 
range (i.e., sensitivity to a range of target nudeic add 
concentrations). In competitor ^says. the sensitivity to 
template concentration differences is compromised 
when eitiier tiie target or added competitor DNA is 
greatly in excess of the other. The dynamic range of 
assays that measure the amount of end product can 
also be limited in that at the chosen number of cycles 
some reactions may have reached a "pfateau" level of 
product. Differences in starting template levels in tiiese 
reactions are therefore not well reflected. Furttiermore, 
small differences in the measured antount of product 
result in widely varying estimates of the starting tem- 
plate concentration, leading to great inaccuracy due to 
variable reaction conditions, variations in sampling, or 
the presence of inhibitors. 

[0005] Optimization of PGR conditions typically is 
accomplished by measuring the effect of different condi- 
tions on ttie final yield and specif idty of PGR product. In 
order to obtain information throughout amplification, 
many replicate samples are placed in a thermal cyder 
so that eadi can be removed from the thermal cyder at 
a different temperature cyde. The removed tubes then 
are analyzed by gel electrophoresis as a function of 



cyde number. As is apparent from this description, such 
optimization is complex and tim&consuming in that it 
requires numerous sample manipulation steps as well 
as downstream electrophoresis analysis. 

5 [0006] Any assay intended for large-scale (e.g.. 
dinlcaO use should not only be reliable, but should be 
simplSied as much as possible in oider to facilitate its 
automation. Thus, there is a need for an apparatus and 
method for collecting data indicative of nudeic acid 

10 amplification tiiat can be used, for example, to quanti- 
tate senile starting concentrations and optimize reac- 
tion conditions, that provides reliable results and is 
suitable for automation. 

[0007] The ai m of the present invention Is to provWe 
75 a nucleic acid amplification detection metiKxj and appa- 
ratus which makes possiWe to nx)nitor the amplification 
of multiple amplification reaction mixtures, simultane- 
ously in real-time, and which thereby makes possible to 
overcome the problems and disadvantages of the prior 
20 art. 

[0008] According to the invention this aim is 
achieved by providing an apparatus that is character- 
ized In that it comprises: 

25 a tiiermal cyder induding a heat conducting mem- 
ber having multiple recesses formed tiierein; and 
a sensor arranged for detecting light emitted from 
said recesses, simultaneously. 

30 [0009] In a preferred embodiment the apparatus 

according to the inventiwi it further comprises a light 
source optically coupled to said thermal cyder and 
arranged to distribute light over a portion of said heat 
conducting member having a plurality of said recesses 

35 formed tiierein. 

[0010] In another preferred embodiment of the 
apparatus according to the invention said recesses of 
the heat conducting member of tiie tiiermal cyder are 
formed through a surface thereof for receiving reaction 

40 vessels containing a nucleic acid amplification reaction 
mixtures; and said sensor is an imaging device optkally 
coi^led to said heat conducting member for generating 
an image of said surface and reacticxi vessels when 
said vessels are disposed in said recesses of the heat 

45 conducting member. 

[0011] In a further preferred embodiment of the 
apparatus according to the inventbn sakJ heat condud- 
ing member of the thermal cyder has multiple recesses 
formed therein and adapted for receiving nudeic add 

50 amplification reaction mixtures, and the apparatus fur- 
tiier comprises 

a housing positioned over saki heat conducting 
member and coupled to sakI thermal cyder; 
55 a light source arranged to emit light in sakJ housing 
and toward said recesses; and 
a didirok: mirror positioned in saki housing and 
above saki recesses, said dk;hrok; mirror being 
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tran^sslve to light having a first wavelength ami 

reflective to light having a second wavelength that 

differs fronn said first wavelength; and 

said sensor being arranged to receive light 

r^lected from said second surface of said dichroic 5 

mirror. 

[0012] In a further preferred embodiment of the 
apparatus according to the invention said heat conduct- 
ing member of the thermal cycler has multiple recesses w 
formed therein and adapted for receiving nucleic add 
amplification reaction mixtures including a nucleic add 
sequence and a fluorescent binding agent and the 
apparatus fulher conrprises 

IS 

a housing positioned over said heat conducting 
memiber and being coi4)led to said thermal cycler; 
a light source arranged to emit light in said housing; 
a sensa arranged in said housing; and 
a dichroic min^or positioned in said housing and 20 
above said recesses, said dichroic mint)r being 
transmissive to light having a wavelength corre- 
sponding to the wavelength of light generated by 
the exdtation light source and reflective to light hav- 
ing a wavelength corresponding to the wavelength 25 
of fluorescence emitted from a nucleic acid amplifi- 
cation mixture, induding a fluorescent binding 
agent, when that mixture is disposed in one of the 
recesses formed in the heat conducting member 
and exposed to light from the excitation light so 
source, said mirror be oriented to form an optical 
path between said recesses and said sensor. 

[001 3] In one embodiment of the apparatus accord- 
ing to the invention, a CCD-camera detects the accumu- 3s 
lation of double-stranded DNA (dsDNA) in each of 
multiple polymerase chain reactions, simultaneously, 
using the increase in the fluorescence of a detectable 
fluorescent dye initially introduced into each amplifica- 
tion reaction mixture. The fluorescence results from the 4o 
fluorescent dye binding duplex DNA. This embodiment 
advantageously eliminates the need for fiber-optic leads 
and the accompanying problems assodated with cou- 
pling the fiber-optics to the individual reaction mixtures. 
[001 4] According to another aspect of the invention, 45 
the optical system that moves exdtation light from a 
source to the multiple reaction mixtures being amplified 
In a thermal cyder, which forms part of the apparatus, is 
conf igured to provide excitation light to the reaction mix- 
tures in a uniform manner. That is, the optical system so 
permits exdtation light to be essentially unifamly dis- 
tributed over the thermal cycler heat exchanger so that 
each amplification reaction mixture receives essentially 
the same amount of exdtation tight. 
[0015] With this apparatus, the fluorescence data ss 
can be collected and used to quantitate the initial 
anrK)unt of target nucleic acid sequence. In a preferred 
method for quantitation, multiple amplification reaction 



mixtures are provided. One ampfification reaction mix- 
ture has an unknown concentration of a specific nudeic 
add sequence. The other reaction n^xtures include the 
same specific nucleic add sequence in differing but 
known concentrations. The ampfification reaction mix- 
tures of known and unknown nudeic add concentration 
are thennally cyded in parallel for multiple cydes. The 
fluorescence emitted from the reaction mixtures Is mon- 
itored in real time and the number of cydes necessary 
for each reaction mixture to fluoresce at a certain inten- 
sity value determined . The number of cydes necessary 
for the mixture of unknown nudeic acid concentration to 
reach that value is compared to the number of cydes 
necessary for the rrtixtures of known nudeic add con- 
centration to reach that value to obtain the inrtiat quan- 
tity of said specif ic nudeic add sequence in the mixture 
of unknown concentration. 

[0016] It has been found that sensitivity to a range 
of target nudeic acid concentration of at least six orders 
of magnitude is possible because the amplifications are 
monitored in real-time. In addition, sensitivity to as few 
as 100 ssDNA templates in the background of 40,000 
cell-equivalents of complex genonrric DNA can be 
obtained. 

[0017] The invention further advantageously pro- 
vides a way to process tiie fluorescence data to reliably 
analyze the effect of different reaction conditions on the 
amplification kinetics. Since multiple amplifications can 
be monitored simultaneously, the effect of many differ- 
ent reaction variables can be assessed rapkily. This is 
useful in optimizing arrplification reacttons for optimum 
yield and eff'idency. 

[0018] Real-time rrxDnitoring also gives the advan- 
tage of detecting Instances of partial inhibition of PCR, 
which can greatiy affect the ability to quantitate accu- 
rately. As shown in Fig. 10D, these instances can be 
detected by their reaction profile so that these samples 
can be repur'rfied and tested again. In addition, 
instances of total inhibition, which might otherwise lead 
to tiie false condusion tiiat there is no nucleic acid tar- 
get in a sample, can be detected in ttiat there is the 
expectation that given enough cycles, even PCRs with- 
out target DNA will produce fluorescence ttiat is due to 
nonspedftc arrplification products. If such fluorescence 
is not seen by the expected cyde, the presence of inhib- 
itors can be inferred. 

[9019] A further advantage of the present Invention 
is that the need for additional time-consuming manipu- 
lations to determine the yield of many reactions at the 
end of the amptif ication is eliminated. Thus, the need for 
downstream hybridization or gel electrophoresis, for 
example, is avoided. 

[0020] Although the non-fber-optic embocGment of 
tiie present invention illustrated in Figs. 2 and 3 has 
numerous advantages as described above, the sensor, 
which preferably is a video camera, is positioned a sig- 
nificant distance from the reaction mixtures in ttie heat- 
conducting member to minimize parallax. Accordingly, 
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the light source aJso is signSicantly spaced from the 
reaction mixtures in ihe heat-conducting member in 
order to provide uniform iHuminalion and avoid interfer- 
ence with the sensor's vision. This arrangement gener- 
ally requires a signiftcant amount of space which, in 
turn, may require an entire darkroom to be allocated to 
the apparatus. However, many dintcal laboratories do 
not have dartvooms or additional space to allocate to 
constructing a darkroom. Although X-ray rooms, which 
can readily be found in clinical laboratories, can provide 
a suitable environment for the optical paths of the exci- 
tation light and fluorescence emissions, the space in 
these rooms is essentially completely allocated to X-ray 
equipment 

[0021] According to a further embodiment of the 
present invention, an excitation light and fluorescence 
sensing configuration is incorporated into the apparatus 
so that the optical paths of the excitation light and fluo- 
rescence emissions can be folded to make the appara- 
tus more compact and to simplify enclosing the optical 
paths in a light-tight environment. In this manner, the 
apparatus can be readily used on the bench without the 
need of a darkroom. 

[0022] According to this embodiment, the appara- 
tus for monitoring multiple nucleic acid amplifications 
simultaneously includes a thermal cycler having a heat- 
conducting member that includes multiple recesses 
formed therein for receiving nucleic acid amplKication 
mixtures. A housing is positioned over the heat-con- 
ducting member so that a light-tight chamber is formed. 
A tight source is arranged to emit light in the housing 
chamber to excite amplification mixtures disposed 
therein. A dichrolc minor is positioned in the housing 
and above the recesses. The dichroic mirror is transmis- 
slve to light having a first wavelength and reflective to 
light having a second wavelength that differs from the 
first wavelength. In the preferred embodiment, the mir- 
ror is a low pass dichroic mirror. The mirror is con- 
structed such that it is transparent or transmissive to 
light having a wavelength corresponding to the wave- 
length of light generated by the light source and reflec- 
tive to light having a wavelength conesponding to the 
wavelength of fluorescence emitted by the amplification 
nrnxtures when exposed to the excitation light. Alterna- 
tively, a high pass dichroic mirror can be used. In that 
case, the minor is reflective to light conesponding to the 
wavelength of light generated by the light source and 
transparent or transmissive to light having a wavelength 
corresponding to the wavelength of fluorescence emit- 
ted by the amplification mixtures when exposed to the 
excitation light. A sensor also is arranged in the housing 
for sensing fluorescence emitted from the amplification 
nuxtures. In the low pass dichroic mirror arrangement 
the sensor is anranged to receive f Kiorescence reflected 
from the mirror. However, in the high pass arrangement 
the sensor and light source positions are reversed. 
[0023] With this arrangement, the excKation light 
source and sensor both can be positioned relatively 



dose to the heat-conducting member. e.g.. from about 6 
to 12 inches therefrom, thereby permitting the optical 
paths of the excitation light source and the fluorescence 
emissions to take up a relatively small amount of space. 

5 The conpactness of this arrangement fadlitates enclos- 
ing the optical paths in the hoi^ng. v^rhich is coupled to 
the thermal cyder to effectively fonm a light-tight chanv 
ber or darkroom for the excitation and anplificatkm mix- 
ture emissk)n light In this manner, the apparatus can be 

10 used most anywhere, without the need for dedicating a 
darkroom to the apparatus. The housing further advan- 
tageously prevents extraneous light, such as light emit- 
ted from monitors used with the apparatus and LED's 
associated with the thermal cyder and computer equip- 

15 ment from reaching the sensor. 

[0024] A further advantage of having the sensor 
positioned very dose to the heat conducting member in 
which the nucleic acid amplification mixtures are to be 
disposed is that sensitivity requirements of the sensor 

20 can be reduced. Since the sensor is moved closer to the 
heat-conducting member, the intensity of the light that is 
emitted from the reaction mixtures and reaches the sen- 
sor increases. Accordingly, when using a CCD camera 
type sensor, as in the preferred embodiment, a less 

25 expensive CCD camera with acceptable k>w light 
response and low thermal noise can be substituted for a 
relatively expensive, cooled CCD camera v^ich is gen- 
erally required when sensitivity requirements are 
greater. 

30 [0025] The close proximity of the light source to the 
reaction mixture recesses also provides advantages. By 
moving the light source closer to the reactbn mixture 
recesses, the intensity of the excitation light, which 
reaches the reaction mixtures that are placed in the 

35 recesses, increases, thereby increasing the intensity of 
the fluorescence emissions. In this manner, smaller 
concentrations of the target sequence can be detected 
at an earlier stage of thermal cycling. In addition, some 
of the increased fluorescence can be traded for better 

40 wavelength resolution by using a filter with a more nar- 
row band pass. In this manner, a broader range of 
wavelengths can be detected and labels with very dose 
wavelengths can be distinguished. 
[0026] Acceding to another aspect of this embodi- 

45 ment, a shutter is coupled to the light source to intermit- 
tently expose the reaction mixtures to the excitation 
light. Preferably, the shutter is timed to expose the mix- 
tures to the excitation light during the annealing/exten- 
sion phase where maximum fluorescence generally can 

50 be exhibited. This configuration reduces the mixture or 
sample exposure to the excitation light, virtiich can be 
very intense due to its dose proximity to the heat-con- 
ducting member. By minimizing sample exposure to the 
ecdtatton fight, which typk^ally is UV light but can be of 

55 other wavelengths, the shutter improves the system per- 
fbnmance by increasing sample stability. Otherwise the 
intense excitation light can cause photo-deactivation of 
the sample wfiich is commonly known as iDleaching". 
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[00271 Accorc£ng to a further aspect of this embod- 
iment, a field lens is positioned between the dichroic 
mirror and the sensor to minimize parallax across the 
field therebetween. 

[0028] A further advantageous feature of the inven- s 
tion Involves a heated window which is provided imme- 
diately above the heat-conducting member and can 
actually be placed on the tubes containing the amplica- 
tion mixtures. The heated window prevents heat loss 
from the reaction tubes, helps maintain the desired ther- io 
mal cycling temperature profiles of the mixtures and 
minimizes reflux, while permitting the transrrassion of 
light therethrough. According to the preferred erhbodi- 
ment, the heated window is maintained at the denatura- 
tion temperature which is generally about 95-1 05*C. is 
[0029] A fOter or wheel of filters preferably is cou- 
pled to the sensa so that the sensor can selectively 
detect light of different wavelengths. The f ilter(s) also 
can prevent excitation light from reaching the sensor. By 
using a plurality of f Oters. which can be arranged on a f il- 2o 
ter wheel, the filter can be readily changed during a par- 
ticular annealing/extension phase, for example, so that 
emissions of different wavelengths, for example, from 
different homogeneous nuclease probes (descra)ed 
below), can be monitored. Different emission wave- 25 
lengths and, thus, nucleic acid sequences in a given 
sample can be nx)nitored and the presence of the target 
sequence determined. 

[0030] In additioa the high sensitivity of the system 
permits very accurate detection of fluorescence that is so 
produced using a homogenous assay system such as 
that desaibed in U.S. Patent No. 5.210,015 to Gelfand 
ei a! This assay system uses the 5' to 3' nuclease activ- 
ity of a nucleic acid polymerase to cleave annealed, 
labeled oligonucleotides from hybridized probe target 3s 
duplexes and r^ease labeled oligonucleotide fragments 
for detection. This assay is particularly useful for detect- 
ing multiple nucleic acid targets in tiie same anplifica- 
tion reaction mixture. Such probes also are useful in 
confirming target nucleic acid presence when there are 40 
nonspecific amplification products. 
[0031] The homogenous assay uses such a probe 
whose fluorescence is normally quenched by fluores- 
cence energy transfer, or FET, to a second label. The 5' 
nuclease activity of the DNA polymerase separates the 45 
f luorophore from the probe and quencher, disrupting the 
FET and restoring the fluorescence. No processing is 
required to detect this change, which may be seen 
using the monitoring apparatus of tfie present invention 
that incorporates the dichroic min^or an'angement 50 
These probes, if labeled with different f luorophores, can 
be used to detect multiple nucleic acid targets. 
[0032] The following terms are used in this specifi- 
cation. The accontpanying definitions are provided to 
aid disclosure, ratiier tiian limit the invention. 55 
[0033] The term "target nucleic add sequence' 
refers to a purified or partially purified nucleic acid to be 
anplified. 



[0034] The term "anpfification reaction nvxture' 
refers to an aqueous solution comprising the various 
reagents used to amplify a target nudeic acid. These 
include enzymes, aqueous buffers, salts, amplification 
primers, target nucleic add. and nudeoside trphos- 
phates. Depending upon tiie context, the mixture can be 
either a conplete or an incom^ete anplification reac- 
tion mixture. 

[0035] The term "primer refers to an oligonude- 
otide capable of acting as a point of initiation of DNA 
synthesis when annealed to a nucleic add template 
under condtions in which synthesis of a primer exten- 
sion product is initiated, i.e., in the presence of four dif- 
ferent nudeotide triphosphates and a DNA polymerase 
in an appropriate buffer (pH, Ionic strength, cofactors, 
etc.) and at a suitable temperature. 
[0036] The term "template" refers to a portion of the 
target nudeic sequence to which the primer anneals. 
[0037] The above is a brief description of some def i- 
dendes in the prior art and advantages of the present 
invention. 

[0038] Other features, advantages and embodi- 
ments of the invention will be apparent to those skilled 
in the art from tiie followtng description, accompanying 
drawings and appended daims. 

Rg. 1 graphically shows continuous, real-time mon- 
itoring of a PGR; 

Frg. 1 A is an enlarged view of the area within line 
lAin Rg. 1; 

Rg. 2 is a perspective view of the ampfiflcation 
apparatus in accordance witti the prindples of the 
present invention; 

Rg. 3 is an enlarged section of the thermal cyder of 
Rg. 1 to show the thermal cyder heat exchanger 
block and cover ttierefbr; 

Rg. 4 is a block diagram of the apparatijs shown in 

Rg. 2; 

Rg. 5 shows examples of digitized images of multi- 
ple reaction mixtures; 

Rg. 6 illustirates a selected pixel array for averaging 
to obtain a single fluorescence value; 
Rg. 7 represents cycle-to-cyde fluorescence 
measurement drift; 

Rg. 8A shows multiple fluorescence profiles; 

Rg. 8B shows the fluorescence values of Fig. 8A 

after normalization; 

Rg. 8C shows gel electrophoresis of the amplifica- 
tion products represented by the profiles in Figs. 8A 
andB; 

Rg. 9 shows the linear relationship k>etween the log 
of starting template copies and the number of 
cydes required to reach a selected fluorescence 
value; 

Rgs. 1 0A-D represent tiie effect of changes in reac- 
tion conditions; 

Rgs. 11-13 are simplified fk)w charts of tiie steps 
for obtaining the fluorescence values; 
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Rg. 14 is a perspective view of the annpOfication 
apparatus of ttie present invention illustrating a fur- 
ther embodiment of the excitation light and emis- 
sbnsAluorescence detector anangement in partial 
section; and 

Fig. 15 is an enlarged view of the excitation Gght 
and emtsstons/fiuorescence detector arrangement 
of Fig. 14 in partial section; 
Fig. 18 shows a transmissivity v. wavelength curve 
that is representative of a dichroic minor con- 
structed in accordance with principles of the 
present invention; and 

Fig. 17 is a top view of a heating window for the 
upper portion of the reaction mixture containing 
vessels according to the present invention. 

[0039] The present invention involves nucleic add 
amplification and the detection, monitoring and quanti- 
tation of amplification products. In order to focititate 
understanding of the amplification data collection and 
processing system of the present invention, a summary 
of nucleic acid amplification processes especially suited 
for use in conjunction with the invention will first be dis- 
cussed. 

[0040] Those of skill will recognize that the present 
invention requires amplification of the duplex form of 
nucleic acid. There exist well-known methods for ampli- 
fying nudeic adds. The means fa amplification are not 
critical and this invention will work with any method 
where nudec duplexes are generated. The various 
methods are reviewed in Bio/Technoioov 8 :290-293. 
April 1990. They indude, but are not limited to PGR, 
LCR, Qp and 3SR. Although 3SR and Qp do not involve 
thermal cyding. the result of their amplifications can be 
monitored by the fluorescence detecting arrangement 
discussed betew and analyzed in accordance with the 
principles of the present invention. Each method is 
briefly described below. 

[0041] PGR amplification of DNA involves repeated 
cydes of heat denaturing the DNA. annealing two oligo- 
nudeotide primers to sequences that flank the DNA 
segment to be amplified, and extencfing the annealed 
primers with DNA polymerase. The primers hybridize to 
opposite strands of the target sequence and are ori- 
ented so that DNA synthesis by the polymerase pro- 
ceeds across the regions between the primers, each 
successive cyde essentially doubling the amount of 
DNA synthesized in the previous cyde. This results In 
the exponential accumulation of the specific target frag- 
ment, at a rate of approximately 2n per cycle, where n is 
the number of cydes. A complete review of this technol- 
ogy can be found in PGR Technology: Principles and 
Applications, Ed. Eriich H.A., Stockton Press. New York 



[0042] Tag DNA polymerase is preferred when PGR 
is used in conjunction with the present invention 
although this is not an essential aspect of the invention. 
Tag polymerase, a thermostable polymerase, is active 



at high t&nperatures. f^ethods for the preparation of 
]aa are disdosed in U.S. Patent Na 4,889.818 and 
incorporated by reference However, other thermostable 
DNA polymerases isolated from other Thermus specie 

5 or non- Thermus spedes (e.g.. Thermus thenrxxphilus 
or Thermotoqa maritima) . as well as non-thermostable 
DNA polymerase such as T4 DNA polymerase. T7 DNA 
polymerase. E. ss& DNA polymerase I. or the Klencw 
fragment of E. cqIL can also be used in PGR. Methods 

10 for providing thermostable DNA polymerases are pro- 
vided in tnternaticMial Patent Applk:ations with publica- 
tion NOS.WO-A- 91/09950 and 
WO-A-92A}3556 

[0043] The ligase chain reaction is described in 
15 International Patent Application with publication No. WO 
89/09835. The process involves the use of ligase to join 
oligonucleotide segments that anneal to the target 
nudeic add. Ugase chain reaction (LCR) results in 
amplification of an original target molecule and can pro- 
20 vide millions of copies of product DNA. Gonsequently. 
the LGR results In a net inaease in double-stranded 
DNA. The present detection methods are applicable to 
LGR. as well as PGR. LGR typically requires some 
means for detecting the product DNA such as an oligo- 
26 m^leotide probe. When used in conjunction with the 
disdosed methods for detecting amplification products, 
such means are unnecessary, and the LGR result is 
immediately detectat>ie. 

[0044] Another amplification scheme. Q-beta repli- 
30 case, exploits the use of the replk^ase from the RNA 
bacteriophage Qp. In tNs ampl'rf ication scheme, a mod- 
ified recorT<}inant bacteriophage genome with a 
sequence specific for the targeted sequence is initially 
ligated to the nudeic acid to be tested. Following enrich- 
as ment of the duplexes formed between the bacteri- 
ophage probe and the nudeic add in a sample, Qp 
replicase is added, which, upon recognizing the 
retained recombinant genome, begins making a large 
number of copies. 
40 [0045] The Qp system does not require primer 
sequences and there is no heat denaturation step as 
with the PGR and LGR amplifk:ation systems. The reac- 
tion occurs at one temperature, typically 37*G. The pre- 
ferred template is a substrate for the Qp replicase, 
45 midvariant-1 RNA. A very large increase In the tem- 
plates is achieved through the use of this system. A 
review of this amplification system can be found in the 
International Patent Application Pubi No. WO 87/06270 
and in Uzardieta!-. 1988. BioHechnoloqy 6:1 197-1202. 
so [0046] The 3SR system is a variation of an in vitro 
transaiption-based amplification system. A transaip- 
tion-based amplification system (TAS) involves the use 
of primers that encode a promoter sequence as well as 
a complementary sequence to the target strand to gen- 
55 erate DNA copies of a target strand and the productton 
of RNA copies from the DNA copies with an RNA 
polymerase. See, e.g., Example 9B of U.S. Patent No. 
4.683.202 and European Patent Application with publi- 
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cation Na 

EP-A-0 310.229. The 3SR System is a system which 
uses three enzymes to carry out an isothermal replica- 
tion of target nudetc adds. 

[0047] The system begins with a target of single- 
stranded RNA to which a T7 RNA DMA primer is bound. 
By extension of the primer with reverse transcriptase, a 
cDNA is formed, and RNAseH treatment frees the 
cDNA from the heteroduplex. A second primer is bound 
to the cDNA and a doubte-stranded cDNA is formed by 
reverse transcriptase treatment. One (or both) of the 
primers encodes a promoter. e.g.. the promoter for T7 
RNA polymerase, so that the double-stranded cONA is 
a transcription tenplate for RNA polymerase. 
[0048] Transcription competent cDNAs yield anti- 
sense RNA copies of the original target. The transcripts 
are then converted by the reverse transcrptase to dou- 
ble-stranded cDNA containing double-stranded promot- 
ers, optionally on both ends in an inverted repeat 
orientation. These DNAs can yield RNAs, which can 
reenter the cycle. A wore complete description of the 
3SR system can be found in Guatelli £i al., 1990. Proc. 
Natl. Acad. Sd, USA 82:1874-1878, and European Pat- 
ent Application with publication No. EP-A-0 329 822. 
The TAS system is also described in Gingeras gt Sl . in 
Innis et a!, eds, 1990, PGR Protocols. Academic Press. 
San Diego. 

[0049] Aocorefing to the present invention, nudeic 
add amplification Is monitored by detecting fluores- 
cence emitted when fluorescent dye such as an interca- 
lating fluorescent dye. provided in the reaction mixture, 
binds with the double-stranded nudeic acid during each 
annealing/extensbn phase as the mixture is cyded 
between two temperatures (thermal cycling). 
[0050] An increase In fluorescence indicates a pos- 
itive anplif ication of target nucleic add. Suitable interca- 
lating agents or dyes include, but are not limited to 
ethldium bromide, propldium bromide, proflavine, acrid- 
ine orange, acriflavine. fluorcoumanin, ellipticine, daun- 
omydn, chloroquine. distamydn D, chromomydn. 
homidium. mithramycin. ruthenium polypyridyls, 
anthramydn. methkJium bromide, 2-[2-(4-hydroxyphe- 
nyl)-6-ben2iniida20le-6-(1-methyl-4-piperazye) benzim- 
idazole trihydrochloride and the like. 
[0051] Fluorophores and DNA binding chromo- 
phores desaibed in the art are suitable for use in the 5' 
to 3* nuclease assay disclosed in US. Patent No. 
5,210,015 are also useful in the present invention. Suit- 
able donor fluorophores and quenchers are chosen 
such that the emission spectrum of the donor fluoro- 
phore overlaps with the absorption spectrum of the 
quencher. Ideally, the fluorophores should have a high 
Stokes shift (a large difference between the wavelength 
for maximum absorption and the wavelength for maxi- 
mum emission) to minimize interference bjf scattered 
exdtation light. 

[0052] Suitable labels which are well known in the 
art indude. but are not limited to, fluorescein and deriv- 



ative such as FAM, HEX, TET, and JOE: rhodamine 
and derivatives such as Texas Red. ROX, and TAMRA; 
Lucifer Yelk)w. and coumarin derivatives such as 7- 
Me2N'COumarin-4-acetate, 7-OH-4-CH3-coumarin-3- 

5 acetate, and 7-NH2-4-CH3-coumarin-3-acetate 
(AMCA). FAM, HEX. TET JOE. ROX. and TAMRA are 
marketed by Perkin Elmer. Applied Biosystems Division 
(Foster City. CA). Texas Red and many other suitable 
compounds are mari^ted by Molecular Probes 

10 (Eugene. OR). Examples of chemiluminescent and bio- 
luminescent compounds that may be suitable for use as 
the energy donor include luminol (aminophthalhy- 
drazide) and derivatives, and Luciferases. 
[0053] Referring to Fig. 1. a fluorescence trace 

15 indicative of DNA amplification for a single polymerase 
chain reaction (PGR), which involves cyding the tem- 
perature of the reaction mixture between two tempera- 
tures. e.g.. 94^0 and 50°C. is shown. The reaction 
mixture included an intercalating fluorescent DNA bind- 

20 ing dye, ethidium bromide (EtBr), which intercalates, or 
binds, the double-stranded PGR products and fluo- 
resces during each annealing/ext^ion phase of the 
reaction. Consequently, the resulting fbjorescence 
increases as the amount of double-stranded DNA 

25 increases. As Illustrated in Fig. 1 . fluorescence Intensity 
rises and falls inversely with temperature. The fluores- 
cence intensity is minimum at the denaturation tenper- 
ature (94*'G) and maximum at the annealing/extension 
temperature (50*'C). Thus, the fluorescence intensity at 

30 50°C shows a cyde-dependent increase reflecting an 
increase in the amount of double-stranded DNA. When 
the thermal cycler returned to 25*'C. after the 30 cydes 
were completed, the fluorescence increased to a final 
value greater than three times the initial fluorescence 

35 value at 25^0. On the other hand, the fluorescence 
minima at the denaturation terrperature do not signifi- 
cantly increase, presumably because at this tempera- 
ture there is no dsDNA for EtBr to bind. 
[0054] As disclosed In U.S. Patent Application 

40 Serial No. 07/695,201, this data was colleded using a 
fiber-optic lead and a spectra-fluorometer. The fber- 
optic lead was used to irput excitation light directly to 
the tube containing the reaction mixture and the tube 
positioned in a heating/cooling block of a thermal cycler. 

45 The same fiber-optic lead was used to return fluores- 
cent emissions back to the spectra-fluorometer, where 
the value corresponding to emitted fluorescence was 
read. With this arrangement, the generation off amplift- 
catk>n products can be monitored while the reaction is In 

50 progress as evidenced by the data in Rg. 1. Since the 
signal generated by the binding agent can be detected 
without having to open the reaction tube, the signal can 
be monitored throughout before, during, and after 
amplification process. 

55 [0055] The apparatus for detecting a single PGR 
and providing the data in Fig. 1 was set up as follows: a 
Spex-nuorolog-2 fluoromeler with a ftoer-optic acces- 
sory (Spex Catalog No. 1 950) was set to emit excitation 
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light at 500 nm with a k>andwidth of approximately 3.4 
nm. A GG 435 nm cut off filter was used to exclude sec- 
ond order light (Purchased from Melles Grist Inc.). The 
emission light was detected at 570 nm with a bandwidth 
of approximately 13.6 nm. A OG530 liter (530 nm cut 5 
ofO was used to remove excitation PighL 
[0056] ITie reaction tube, a 0.5 ml polypropylene 
tube, contained 60 ng human male DNA. The top of the 
Xube was cut away for attaching the ftoer-optic cable. 
The fiber-optic cable was glued to the top of the reaction to 
tube with epoxy. The emission light was collected 
through the oil overlay in the tube. A black 'shroud* was 
built around the tube and the reaction was placed in the 
thermal cycler. The thermal cycler was programmed to 
cyde between 94''C and 50*C for 1 minute each, for 30 is 
cycles, followed by continuous incubation at 25^0. The 
f luorometer and thermal cycler were started simultane- 
ously. The parameters of the fluorometer were: time- 
based scan with 5 second integration time: the emission 
signal was ratioed to that of the excitation light to control 20 
for changes in source intensity. 
[0057] In accordance with the present invention, an 
apparatus is provided for real-time detection of the 
anrplificatlon of multiple amplffication reaction mixtures, 
simultaneously Each reaction mixture contains a target 25 
nucleic acid sequence. Thus, using a thermal cycler 
(e.g.. a thermal cycler commerdally availat)le from Per- 
kin Elmer Cetus Instruments) having a heating and 
cooling block capable of holding up to 48 reaction tubes, 
for example, 48 amplification reactions can be carried 30 
out and PGR amplification product in ail 48 samples 
detected simultaneously without handling the samples, 
opening tubes, or intenrupting the cycling reaction. The 
number of reactions monitored simultaneously is limited 
only by the capacity of the heating and ooob'ng block. 35 
Thus, with a 96 well heating and cooling block. 96 ampli- 
fication reactions can be monitored and the ampPifica- 
tion product detected simultaneously As in the example 
case described above, it should be understood that 
although the embodiments discussed below are 4o 
desaibed in conjunction with PCRs and signals gener- 
ated by a specific fluorescent binding agent indicative of 
amplification of a target DNA sequence in certain exam- 
ples, these enixxirments can be used with other ampli- 
fication processes or binding agents such as those 45 
summarized above and disclosed in U.S. Patent No. 
5,210,015 to Geffand St al. 

[0058] In a f rst embodiment of the multiple amplifi- 
cation reaction mixture detection apparatus, a suitable 
optical system moves the excitation light from a source so 
to multiple reaction tubes that are positioned in a ther- 
mal cycler and measures the enussion light from each 
tube. Such an optical system can comprise muitipte 
fiber-optic leads that simultaneously read all of the PGR 
tubes undergoing thermal cycling. Only a single fluor- ss 
ometer is needed to read fluorescence from the reaction 
tubes, as each fber-optic can be read rapidly one at a 
time, for example, during the time frame of a PGR tem- 



perature soak (e.g.. an annealing/extension inte^ 
such as the interval between a-c illustrated in Rg. 1A). 
It wiO be apparent to one skilled in the art that such a 
detection sy^em ^ not necessarily limited to a particu- 
lar thermal cyder madtine or reaction vessel. 
[0059] Tbe amplification detectkm arrangements 
incorporate fber-optic leads to transmit excitation light 
and fluorescence emissions. So tong as the reaction 
wells, or tubes, are light-sealed to prevent external light 
sources from influendng fluorescence detection, any 
over plate, tube cap. or lid apparatus that comprises or 
can be attached to a f ber-optk: lead is suitable. In one 
embodiment of the invention, the reaction tube fids can 
be removed to accommodate the fiber-optic. However, 
use of a reaction vessel that has a clear or translucent 
cap eliminates the need to insert the cable into the tube. 
It will be apparent that reaction tubes capable of accom- 
modating a fiber-optic cable, without the cable physi- 
cally contacting the amplif k;ation reaction components, 
are desirable. 

[0060] Referring to Fig. 2, a further embodiment of 
an apparatus for real-time detection of the amplification 
of multiple target nucleic acid sequences, simultane- 
ously, is shown and designated with reference nunteral 
10. This embodiment advantageously eliminates the 
need for the light input and fluorescence output fber- 
optic leads described atx)ve and the acconrpanying 
problems assodated with coupling the fiber-optics to 
the reaction tubes. As discussed above, apparatus 10 
will be described in ccMijundion with PGR amplif icatk>n 
of a DNA target sequ^ce using a fluorescent binding 
agent signal generator for purposes of simplification, 
but is not intended to be limited to use with such an 
amplification process, nucleic add or amplification sig- 
nal generator. 

[0061 ] Apparatus 10 generally comprises a thermal 
cyder 12 for heating and cooling reaction chamber 
tubes or vessels 26 (preloaded with the nucleic ackJ(s) 
to be amplified), laterally spaced excitation light sources 
or lamps 14, imaging device 16 (comprising GGD-cam- 
era 16a, camera controller 16b and cooler 16c). and 
image processor 20, which can be a PG with a frame 
grabber card such as the PC VISION PLUS commer- 
dally availat)le from ITEX Inc. and an IEEE 488 inter- 
lace card. These elements are shown in block diagram 
in Fig. 4. Although thermal cyder 12 is conventional in 
construction according to the preferred errtediment. a 
summary of certain features of thermal cyder 12 is pro- 
vkied below to akf in understanding the disclosure of the 
present invention. 

[0062] Thermal cyder 12 indudes a heat 
exchanger 22 for heating and cooling reaction tubes 26. 
Heat exchanger 22 is a heat-conducting bk)cK prefera- 
bly aluminum, having a plurality of recesses 24 formed 
therein and sized to allow a given number of reaction 
tubes 26 (e.g.. 0.5 ml Eppendorf tubes) to fit therein. 
The purpose of heat exchanger 22 is to support reaction 
tubes 26 and to act as a heat exchanger to transfer ther- 
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mai energy to and from the fluids stored in the tubes 
such that the reaction connponents may be incubated at 
various temperatures for user-defined times. Thus» ther- 
mal cyder 12 also includes a system for heating and 
cooling the heat exchanger and means, such as a com- 5 
puter system, for controlling the heating and cooling 
system to heat and cool the heat exchanger and reac- 
tion ti^ as is conventional in the art The user pro- 
grams the computer or means for controlling the heating 
and cooling of heat exchanger and reaction tubes to a w 
desired temperature profile, such as that illustrated in 
Fig. 1 , through display/keyboard user interlace 28. 
[0063] The heat exchanger (heat conducting btock), 
means for heating and cooling the heat exchanger and 
means for controlling the heating and cooling of the heat is 
exchanger as weO as the entire thermal cycler, can be 
constructed in accordance with US. Patent No 
5,038,852. Suitable thermal cyclers are commercially 
available such as the GeneAmp PGR system 9600 ther- 
mal cycler (Peridn-Elmer, Norwalk, CT) depicted in Fig. 20 
2. 

[0064] It should be understood, however, that other 
devices for heating and cooling the preloaded reaction 
tubes can be used without departing from the scope of 
the Invention. It is only necessary that whatever device 25 
is used for heating and cooling the reaction tubes, be 
capable of reaching and sustaining the temperatures 
involved and achieve the desired temperature versus 
time profile. Thus, for purposes of nucleic ackJ amplifi- 
cation, such a device should be capable of cycling the 30 
temperature of the amplification reactfon mixture 
between a denaturing temperature (which can be in 
the range of about 80-105'*C and preferably QO-IOCC) 
and an annealing/extension temperature T2 (which can 
be in the range of about 30-90*C and preferably 50- 35 
70^0) where T^ > T2 as is known to those skilled in the 
art. 

[0065] Cover block 27. including handle 27a, is slid- 
ably coupled fo the heat exchanger for covering or 
uncovering heat exchanger 22 as is conventional in the 40 
art. Cover k>lock 27 is maintained in the latter position as 
shown in Fig. 3 during the amplificationAjetectton proc- 
ess of the present invention embodied in Rg. 2. This 
permits camera 16a to receive the fluorescence signals 
emitted from within the amplifk;ation reaction tubes. 45 
[0066] Thermal cycler 12 also is provided with a 
means for sending output data indk^ative of the heat 
exchanger or amplification reaction mixture tempera- 
ture profile, such as cyde number, temperature, and 
time, to image processor 20 over line 30. An RS232 bus so 
for transmitting such data is provkJed with a GeneAmp 
PGR system %00 thermal cyder, for example. LED dis- 
play panel 26a also displays such output data to the 
user during operation. 

[0067] CCD-camera 16a is positioned above heat 55 
exchanger 22 and the reaction tubes to collect fluores- 
cence signals emitted from the reaction mixtures 
through the upper ends of the tubes as the temperature 



of the mixtures is cyded by devfoe 12 during ampTifk^- 
tion. It is important that camera 1 6a is positioned as far 
as is practical from heat exchanger 22 in order to 
reduce parallax effects on the fluorescerKe image cap- 
tured by camera 16a. However, camera 16a must be 
suffkaently dose to the heat exchanger arel reaction 
tubes to minimize background noise from other light 
sources and so that suffident Gght from reaction tubes 
26 can be captured by the camera It has been found 
that an optimum distance d, between the heat 
exchanger 22 and camera lens 46, whfoh is directed 
toward the heat exchanger, is in the range of about 6 
inches to 5 feet depending on the lens used. For exam- 
ple, d preferably is about 2 feet when a 70 mm lens is 
used. A band pass interference filter 48. preferably a 
600 nm filter, is placed in front of the lens to limit detec- 
tion to the desired wavelength, since the fluorescence of 
interest has wavelengths of about 600 nm. 
[0068] Referring to Rg. 2, camera 16a is shown 
mounted to a conventional photographic copy stand 32 
for positioning tiie camera above heat exchanger 22 
and reaction tubes 26. Copy stand 32 indudes a vertical 
aipport member 34 which is supported in bracket 36. 
Bracket 36 is secured to mounting surface 38 which 
supports apparatus 10. SIkJe member 40 Is siklably 
mounted to vertical member 34 for movement along tiie 
vertical and is provided with knob 42 which upon turning 
cooperates vinth slide member 40 to lock sIkJe member 
40 in a feed position as is conventional to one of ordi- 
nary skill. Camera bracket 44 has one end secured to 
sikle member 40 and another end secured to camera 
16a. Thus, the height of camera 16a can be adjusted 
ttirough slide member 40 to the desired height above 
the heat exchanger and reaction tubes. Camera 16a 
preferably is a conventional corrputer-controlled, cooled 
CCD-camera. Cooling fluid is drculated through camera 
16a through multiconduit line 50. The camera is prefer- 
ably cooled in order to provkle higher quality images 
with less noise. One suitable camera is a CCD-camera 
commercially available from Photometries (Tucson, AZ) 
under the name STAR 1. It uses a thermoelectricaily 
cocked CCD array with a 12-bit per pixel resolutfon. It 
also permits exposure times to be varied to change sen- 
sitivity to the fluorescence being detected. An IEEE 488 
bus (designated with a reference numeral 58) between 
camera 16a and image processor 20 is provided so that 
image processor 20 can control the exposure of an 
image of tiie reaction tubes and the time period in which 
the image is taken. 

[0069] Referring to Rg. 4. two UV lamps 1 4 are lat- 
erally spaced about the optical path between camera 
16a and heat exchanger 22. It is only important in this 
regard that lamps 14 are suffidently dose to camera 
lens 46 so that their housings do not interfere with the 
optical patii between all of the reactfon tubes and cam- 
era lens 46. To this end, tamps 14 can be suspended 
from camera bracket 44 via bracket 52. Lamps 14 also 
are parallel to the heat exchanger so that excitation light 
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is pro\^ed to the reaction tut)es in a uniform manner. 
Lines 54 extend from (anps 14 and are adapted to fit in 
astandard 115 volt waO socket for pro^idir^ the desired 
power to the lamps. The wavelength of UV lamps 14 is 
selected according to the requirements of the nuddc 
acid fluorescent binding agent For example. 302 nm is 
a desirable wavelength for excitation of ethidium bro- 
rrada A suitable 302 nm mid-range UV lamp is commer- 
cially available from U.V. Products. Inc. (San Gabriel. 
CA) under the name Chroma-Viie. 
[0070] The in^age taken by camera 16a is transmit- 
ted to image processor 20 via line 56 which, when using 
the STAR 1 system as discussed above, is an RS170 
Ima Image pnxessor 20 includes a frame grabber for 
forming digital images from camera data on line 56. 
Although camera 16a includes a 12-bit digital output, 
the analog output of the camera is used where image 
processor 20 is an 8-bit image processor. In such a 
case, the image processor 20 includes the frame grab- 
ber to create 8-brt digital images from the analog signal 
on line 56 so that image processor 20 can manipulate 
the collected images as digital data. 
[0071] Thermal cycler output data line 30 also is 
coupled to image processor 20 for providing the proces- 
sor with the temperature profile, time, and cycle of the 
amplification in progress. In this manner, processor 20 
can be programmed to send a trigger signal via line 58 
to camera controller 18, which controls the opening of 
the shutter for camera 16a. at preselected times during 
the course of amplification. Image processor 20 
includes a IEEE 488 bus card Ibr communicating with 
IEEE 488 fine 58, to control camera 16a Processor 20 
also Is provided with a conventional keyboard and/or 
mouse user interface 60/64 and nrx)nitor 62. A general 
overview of the operation of apparatus 10 is provided 
below. 

[0072] Multiple reaction tubes 26 each containing a 
reaction mixture (e.g., nucleic acid(s) to be amplified, a 
thermostable enzyme to catalyze polymerization, spe- 
cific oligonucleotide primers, and four different nucle- 
otide triphosphates) are placed in heat exchanger block 
22 (Fig. 3). The reaction tubes can be sealed with con- 
ventional caps, a vapor bamer mineral oil or Ampliwax^ 
brand sealant The thermal cyder is activated and the 
exdtation lamps, which are directed toward the reaction 
tubes, are energized. Responsive to a signal from canrv 
era controller 16b, camera 16a captures an image of all 
of the reaction tubes 26 which image r^tects the vari- 
ous levels of fluorescence at the first annealing/exten- 
sion phase of a cycle. This analog image is sent to the 
image processor where the frame gralDber cfigitizes the 
image since it has an analog^digital converter. 
[0073] Rg. 5 shows portions of three such digitized 
images taken during the course of six simultaneous 
amplificatk>ns. The processor averages the intensity of 
light emitted from each reaction tube during the noted 
annealing/extension phase arxJ normalizes those inten- 
sity values to determine a single fluorescence value for 



each reaction tube. The normalization process is dis- 
cussed below in more detail in connection with Rgs. 8A- 
C. THs is repeated for each cyde of tiie amplification 
process. The normalized fluorescence values are saved 

5 to a computer spreadsheet for subsequent analysis and 
graphing. These normalized fluorescence values are 
further processed to detern^ne the initial amount of ttie 
target nudeic acid sequence (i.e.. the starting number 
of target nudeic add templates before ampfif ication) or 

}o to analyze the effect of ampHfication reaction conditions 
on the kinetics of the reaction. A more detailed discus- 
sion of the fluorescence value acquisition and process- 
ing steps, summarized above, is provided below. 
[D074] The timing of each camera exposure to the 

15 en^ed fluorescence first win be discussed. Since the 
maximum fluorescence occurs at the annealing/exten- 
sion phase of each cyde in an amplification process 
undergoing thermal cycling (e.g.. see interval a-c Rg. 
1 A) and this is the indication of the level of nudeic acid 

20 amplification, when only one image is taken in a given 
cycle by camera 16a it should be taken in this phase of 
the cyde because that is when you get the strongest 
signal and signals during this interval best represent the 
amount of material being made. However, as other data 

2S throughout the reaction can be ireful in analyzing tiie 
entire course of the ampfification. it should be under- 
stood that it may be desirable to collect nK>re than one 
image per cyde. For exan^e, each irage can be taken 
20 seconds after the annealing/extension tenperature 

$0 is reached as indicated by reference character b in Fig. 
1 A. In this example case, when the annealing tempera- 
ture is 68**C. processor 20 sends a signal. 20 seconds 
after the 68°C temperature is indicated by the thermal 
cyder 12 over RS232 line 30, to camera controller 16a 

35 to trigger the camera shutter (not shown) . The exposure 
time can vary from application to application as would 
be apparent to one of ordinary skill. The triggering event 
to open tiie camera shutter otTviously can be done man- 
ually with the operator monitoring the temperature and 

40 time output data displayed on display 28a. 

[0075] The CCD-camera sums up the light received 
during the exposure and produces an image Indicative 
of the fluorescence of all of tiie reaction tubes in the 
heat exchanger at that time interval. This image is sent 

45 over line 56 to image processor 20. Monitor 62, which is 
coupled to processor 20, can display three windows 
labeled 64A-C in Fig. 5. Window 64A can nxmitor tiie 
camera's view and provkf e a menu during camera oper- 
ation for functions such as camera exposure control. 

so Window 64B displays the digital image and facifitates 
tiie manual selection of tiie portion of tiie image to be 
processed (e.g.. averaged as discussed below). Win- 
dow 64C displays the command line of tiie computer 
operating system. The processor digitizes the image 

55 and displays it in window 64B whk;h is used so that tiie 
user can assign a group of pixels to an area of tiie 
image tiiat enconpasses a single image of a reaction 
tube. This can be acconrplished using a mouse to draw 
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boxes around the portions of the digitized image of a 
reaction tube 26 in window 64B or using a program that 
looks at the fluorescence of each pi)^ to detemnine 
which pixels belong to which reaction tube as would be 
apparent to one of ordinary skill in the art of conrputer 
graphics. This is illustrated in Fig. 6. where a 6x6 pixel 
array encompasses the image of a single reaction tube 
26. It should be understood that this array size has been 
selected merely for purposes of example and that other 
array sizes can be used without departing from the 
scope of the invention. The pixel values "5" incficate 
insignificant fluorescence and correspond to the fluo- 
rescence emitted by the upper surface of the heat 
exchanger, while the pixel values '200* indicate the 
maximum fluorescence detected in the 6x6 pixel array 
and carespond to the fluorescence emitted from the 
center of the reaction tube which are imaged onto pix- 
els. The pixel values '100** correspond to the fluores- 
cence emitted by a portion of the heat exchanger and 
reaction tube. Of course, these specific pixel values do 
not necessarily represent actual values, but are merely 
exemplary. 

[0076] Image processor 20 then averages the pixel 
values in the array assigned to the area encompassing 
the reaction tube to obtain a single fluorescence value 
for that reaction tube for cycle 1 of the nucleic add 
amplification process. However, obtaining a single fluo- 
rescence value for each reaction tube can be accom- 
plished in other ways such as summing the pixel values. 
The box outlining the 6x6 array and encompassing the 
first reaction tube is then moved to encompass the next 
reaction tube where the pixel value averaging step is 
repeated and a single fluorescence value is obtained 
until a fluorescence value has been assigned to each 
tube for cycle 1 . Alternatively, the process of obtaining a 
fluorescence value for each reaction tube 26 for a given 
cyde can be done as a parallel process. This process of 
calculating a fluorescence value for each reaction tube 
Is repeated each cycle until the amplification process is 
conplete. 

[0077] At the outset i.e.. when heat exchanger 
block 22 is loaded with reaction tubes 26, a control tube 
26C is also loaded into one of the wells 24. The purpose 
of the control tube is to provide a constant fluorescence 
source against which cycle-to-cycle measurement vari- 
ations, due to minor temperature variations or drift in the 
excitation light intensity, for example, can be detected. 
In this manner, the fluorescence value obtained each 
reaction tube can be corrected to compensate for these 
variations according to the following. The contrd tube 
26C is pre-loaded with a fluorescence dye only, such as 
ethidium bromide (EtBr). Since the control tube contains 
no nudeic acid, there is no amplifkation of its fluores- 
cence during thermal cyding. Thus, the control tube will 
emit an essentially constant amount of fluwescence 
when subjected to exdtation light during amplification 
and serves as a base line throughout the amplification 
process. This is illustrated in Fig. 7. where the fluores- 



cence intensity of the control tube is ptotted ov^ several 
cydes. 

[0078J Refening to Fig. 7. is the initial fluores- 
cence of the control tube and establ'shes the base line. 

5 At cycle 2, the recorded intercity of control tube 26 
begins to drop off indcating that drift in fluorescence is 
occurring. Thus, solid line 72 cyde 4 corresponds to 
apparent intensity values. For example, at cyde 4 when 
the camera cdlects data in the anneafirg/extension 

10 phase of the fourth cycle, the apparent value of the con- 
trol tube fluorescence is iA4- A correction fador 1^/1^4 is 
then determined for that cyde. Each of the fluorescence 
values obtained for each reaction tube is multipfied by 
the correction fador to provide actual fluorescence val- 

15 ues. The foregoing is repeated for each cycle. In sum- 
mary, the con-ection factor is generally described as 
ig/iAn wherein io is the initial fluorescence value of the 
control tube and lAn is the apparent fluorescence value 
of the control tube taken during cyde number n. Each 

20 fluorescence value obtained for a reaction tube by, for 
ecample, averaging (as discussed above) is multiplied 
by the correction value. The foregoing is repeated for 
each cyde. 

[0079] Normalization and quantitation will be 
25 described with reference to data generated for a specif k; 
example case for exemplary purposes only That data is 
illustrated in Rg. 8A. It should be understood that the 
invention is not intended to be limited to PGR or the par- 
tknjiar amplifk»tion reaction mixtures, number of ampli- 
30 fications, temperature profile, or interval in which the 
fluorescence images were taken as will be apparent to 
one of ordinary skill. It is only necessary to monitor the 
amplification reaction mixtures differing in starting con- 
centration of a target nucleic add sequence to quanti- 
35 tate the initial concentration of that target sequence in 
an amplification readfon mixture where that concentra- 
tion initially is unknown as will be described in more 
detail below. 

[0080] Rg. 8A shows the fluorescence values 

40 obtained from eight PGR amplifications monitored 
simultaneously, in accordance with the principles 
descrS>ed above, during themial cycling for fifty-five 
cycles with the GGD-camera. Thus, these values repre- 
sent the values obtained for each reaction tube (e.g., by 

45 averaging the respective pixel arrays) corrected for. 
occurrences of measurement variations (e.g.. drift) as 
discussed above. In this example case, seven reaction 
mixtures contained known concentratfons of a specif k; 
DNA target sequence (i.e., a known quantity of starting 

50 sample) to fadiitate quantitation of an unknown starting 
amount of a sample as will be described in more detail 
below. The eighth mixture contained no target DNA and 
served as a contrd reaction to provide background 
informatfon. The seven amplif k^tions of known sample 

55 were initiated using a dilution series of single-stranded. 
HIV template DNA. 

[0081] Prior to making the dilutions, the PGR reac- 
tion mixtures were set up in 100 ^1 volumes containing 
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10 mM Tris-HCI. pH 8.3: 50 mM KCI: 3 mM MgClz; 2.5 
U of ]aa DNA polymerase (Perttn Bmer, Norwalk. CT); 
100 pM each dNTP (Promega Corp., Madison, WI); 4 
jig/ml of ethkJium bromide (Bio Rad, RichmorxJ, CA); 
100 pmole each of HIV speciftc (gag region) oligonucle- 
otide primers SK145 and SK431 (Pertdn Hmer. Nor- 
walk. CT) and 300 ng of human placental DNA (Sigma. 
St. Louis. MO). An M13 subclone of the HIV gag region 
was used as the target nucleic acid template. 
[0082] Starting with 10^ templates, 10-fold dilutions 
were made down to 10^ templates and used with HIV- 
specific primers to make a 142 bp PGR product Theflu- 
orescence profiles in Fig. 8A generated from these ini- 
tial concentrations are designated with reference 
numerals 10®. 10^... 10^, respectively. A control amplifi- 
cation with no added template was also monitored. The 
fluorescence profile of this mixture, is shown by the line 
designated with reference numeral 0. To simulate a 
PCR-based screen of lynphocyte DNA for integrated 
HIV genomes, all reactions contained 300 ng or 40,000 
cell equivalents of human genomic DNA. 
[0083] Tliernfiat cycling proceeded for 55 cycles in a 
GeneAmp PGR System 9600 thermal cycler {PerWn- 
Elmer, Nonwalk. CT) with a 2 temperature program: 
94'*C for 15 sec. denaturing; 68*C for 30 sec. anneal- 
ing/extension. To provide a liot-start" as is conventional 
In the art to improve specificity in the reaction (as 
described in Ghou, Q.. Russell. M., Birch D.E., Ray- 
mond, J. and Bloch, W. "Prevention of pre-PGR mis- 
priming and primer dimerization improves low-copy- 
number simplrfications." Nucleic Acids Research 
20:1717-1723,1992) an initial hold at 75°C was used 
during which the MgGl2 was added (in a 12 \i\ volume) 
after the samples had reached this temperature. Ruo- 
rescence images for each therntal cycle were taken by 
the CCD-camera 20 sec. into the 30 sec. hold at the 
annealing temperature with an exposure of about 1 sec- 
ond. As described above, the heating cover block 27 
was not used and was positioned away from the reac- 
tion tubes to permit imaging. 
[0084] As shown in Fig. 8A, the fluorescence from 
each reaction changes fittle in early thermal cycles and 
then rises as detectable amounts of PGR product are 
generated. The more starting template copies in the 
reaction, the eariier such a rise in fluorescence occurs. 
See. for example, the curve designated with the charac- 
ter 10^ which designates that that fluorescence curve 
corresponds to the fluorescence emitted by the reaction 
mixture starting with the highest concentration of start- 
ing templates, i.e.. 10® templates. As shown in Rg. 8A, 
the 10® curve rises first as expected. 
[0065] However, there is a oonsklerable variance in 
the initial fluorescence values obtained from the differ- 
ent amplifications even though those values should be 
the same. They shouki be the same because the 
amounts of single-stranded DNA are so small that the 
varying amounts of it in the reactfon tut>es have a negli- 
gible effect on the total fluorescence expected from a 



single tube. It is believed that the sources of this varia- 
tfon are inhomogeneity or nonuntformity of Qlunvnatfon, 
parallax, and variable attenuatkm of the fluorescence 
due to the tube caps. Monitoring the amplificatfons with- 
5 out caps but through a vapor bamer of mineral oil or 
AmpBwax^ brand sealant reduces, but does not elimi- 
nate, this variation. 

[0086] To condensate for inhomogeneity of Olumi* 
nation parallax, and variable attenuation and. thus, the 
10 variations shown in Fig. 8A. the processor determines a 
namafizatfon factor for each amplification. Each factor 
is determined based on the data collected in cyde 1 and 
is the ratio of the average initial fluorescence of all reac- 
tions to the observed initial fluorescence of each reac- 
ts tion. The processor multiplies all fluorescence values for 
each amplification by the respective normalization fac- 
tor. The result of this normalization is shown in Rg. 8B. 
Thus, for the reaction containing 10® starting template 
copies, the ratio (normalization factor) is the sum of all 
20 eight fluorescence values in cyde 1 divkled by 85 which 
is the initial fluorescence value of reaction 10® as shown 
in Fig. 8A. The fluorescence values for the reaction 
marked 10® then are all multiplied by this factor to gen- 
erate the normalized curve of Rg. 86. Each reaction 
25 curve is similarly normalized. This normalizatfon is 
based on the assumption that the source of the image 
variation attenuates or enhances the fluorescence sig- 
nal proportfonately over the entire range of signal inten- 
sities. 

30 [0087] Referring to Rg. 8B. all reactions essentially 
have the same initial fluorescence and most of the reac- 
tion profiles have a regular spacing consistent with the 
dilution series used. The profiles are very similar in 
shape and neariy parallel. The eariy or logarithmic 

35 phase of an efffoient PGR involves a doubling of the 
DNA copy number every cycle. It is predicted that each 
10-fold dilution in starting template woufo require 3.32 
additional cycles to bring the yield of PGR product up to 
a given concentration. Thus, the normalized values look 

40 as expected, for much of the range of fluorescence lev- 
els. It can be seen t>y examination of Rg. 8B that there 
are cfose to three cycles separating each of the dilutions 
except for ttiose starting with 10^ copies and 0 copies. It 
is also apparent that this cycle-nunt>er-offset is persist- 

45 ing past the logarithmic phase of the PCRs. In contrast, 
the nuni)er of cydes separating the dilutions in the 
unnormalized data of Rg. 8A vary widely. 
[0088] Using the normalize fluaescence data, 
such as the data shown in Fig. 8B, the initial amount of 

so target nudeic ackl can be quantitated or tiie effect of dif- 
ferent reaction corditions on the kinetics of the amplifi- 
cation reaction can be analyzed. Quantitation of the 
initial amount of target will first be discussed. Fig. 9 
shows tiie linear relationship between the log of the 

55 Starting number of template copies and the number of 
cycles it takes for the amplification in Fig. 8B to reach 
the arbitrarily chosen fluorescence level of 190. The line 
Shown in Rg. 9 is regressfon fitted to tiie data points 
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from 10® to 10^ initial copies (r^ > .99). The data point 
corresponding to 10^ initiai copies has a statisticany sig- 
nificant deviation from this Ime (zero copies cannot be 
placed on a logarithmic plot). Besides the data point at 
1 0^ copies, the data point nwst deviant from the regres- 5 
ston One is at 1 0^, which, usng the equation of the f itted 
line, predicts a value 13% lower than the known initiat 
nurrto of copies. Similar results are obtained if the fl- 
orescence level chosen in Rg. 8B Is anywhere from 
125-225. 10 
[0089] The reason for the deviation from linearity at 
the data point at 10^ copies is shown by the gel electro- 
phoresis analysis of the anplif ication products in Rg. 
8C. The spedficity of the amplification Is such that, 
starting with 10® down to 10^ copies of template, the 15 
only visible product is that of the expected size. When 
10^ starting copies were used, a smaller, nonspecific 
amplification product becomes barely visibia This prod- 
uct is more prominent when 10^ copies are used, and 
when 10^ copies are used, an equal amount of nonspe> 20 
cific product and HIV-specific product are made. Only 
nonspecific product is made in the control with no added 
template. Since fluorescence due to specific product is 
indistinguishable from that of nonspecific product the 
"baseline* of sensitivity of this assay is at the cyde 25 
number by which so much nonspecific product is being 
synthesized that any additional synthesis of specific 
product has little effect on the reaction profile. As long 
as concentration determinations are based on interpo- 
lation from a set of standards, i.e., reaction tubes con- 30 
taining known concentrations of stamng target nudeic 
acid sequence, this baseline could be at significantly 
mcn'e cydes tfian at the cycle number at which the devi- 
ation from linearity begins. In practice we have seen that 
sample-to-sample variation of the reaction profile at less 35 
than 10^ templates conplicates reproducible quantita- 
tion below tills level (data not shown). 
[0090] In order to quantitate the initial amount of tar- 
get nucleic add in a sample, the normalized fluores- 
cence data from the set of standards are first used to 40 
establish tiie relationship between initial target nudeic 
add amount and the number of cydes needed (such as 
that shown in Rg. 9) to reach an arbitrarily chosen level 
of fluorescence that is within the range of detection of 
this instrument. This aibitrary fluorescence value (AFV) 45 
is preferably chosen to be in a region of tiie reaction pro- 
file that is, as described witti reference to Rg. SB, paral- 
lel among the different standards. This will generally be 
true if tiie selected AFV is from 0.1 to 0.5 times ttie max- 
imum fluorescence value obtained by the standard so 
using the highest initial known target nudeic add con- 
centration. 

[0091] After selecting ttie AFV. for each standard 
amplification, the oonrection and normalized f luor value 
obtained tiiat is nearest the AFV is chosen. Taking this ss 
value, and the fluor values for tiie four cycles preceding 
and the four cydes following tiie cycle at which this 
value occurs, a regression line is fitted that relates cycle 



r^mber (which can be fractional) to f luor^ence. The 
AFV is ttien entered into tiie equation of ttiis regression 
fine and a value fcv this standard sam^e of ttie number 
of cydes needed to reach the AFV is returned. 
[0092] Having now determined for each standard 
ttie number of cydes needed to reach the AFV. a 
regression line is fitted to ttie data ttiat relates tiie initial 
target nudeic add amount to the number of cydes 
needed to reach the Af^. To now determine ttie initial 
target nudek: add amount of an unknown sample that 
was amplified together witti ttie standard samples, ttie 
number of cydes needed to reach tiie AFV is deter- 
mined as was done for the standard sample. This 
nuntser of cydes (which can be fractional) is entered 
into the equation of the fitted regression line and ttie 
equation returns a value that is the initial amount of tar- 
get nudeic add in ttie unknown sample. This process 
can be repeated for each unknown sample. The data 
manipulations just described can easily and rapidly be 
performed by a microprocessor ttiat is suitably pro- 
grammed. 

[0093] This nrxxJe of nudeic add quantitation can 
be used not only witti fluorescence resulting from tiie 
non-sequence-spedf ic binding of dyes, but can also be 
used witti fluorescence resulting from the sequence- 
specific binding of oligonudeotide probes such as those 
used in ttie homogenous amplification/detection sys- 
tems described in U.S. Patent Na 5.210.015. These 
probes require alternative light sources and filters as 
descnbed in ttie above patent. Use of multiple 
sequence specific probes, each witti a distinguishable 
fluorescence, should allow simultaneous detection and 
quantitation of multiple nudeic add target sequences In 
a single amplification reaction. 
[0094] Referring to Rgs. 1 0A-D. analyzing the effect 
of different reaction conditions on a PGR will be dis- 
cussed. In general, tiiese effects can be nxmitored by 
adding, subti'ading. or changing components of a 
standard PGR and observing the change in the reaction 
profile. Fig. IDA shows a titration of Tasi DNA polymer- 
ase. Nine replicate PCRs containing 10® target HIV 
templates were initiated using a range of llg polymer- 
ase levels as indicated in ttie figure. For enzyme 
amounts between 1 and 10 units per reaction, fluores- 
cence begins to be detectable in all reactions by about 
ttie same cycle. This indicates ttiat ttiese differences in 
enzyme levels are having littie effed on ttie efficiency of 
amplifkation in early cydes. Differences in the levels of 
PGR product become apparent in later cycles, however, 
such that by cycle 50 almost twice as much DNA has 
been made using 10 units as compared to 1 unit By gel 
electrophoresis (not shown), ttiere is no evidence of ttie 
production of nonspecific, non-HIV PGR product in 
ttiese reactions. Using only 0.5 urut Ifig polymerase, 
ttiere is a sudden absence of detectable product Since 
PGR is a process in which DNA inaeases in concentra- 
tion exponentially, it is perhaps not surprising that ttiere 
is a threshold level of enzyme below which amplification 
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is an apparent failure. 

[0095] TTie effect of changing primer concentrations 
on the kinetics of ainplification also can be monitored. 
Rg. 10B shows profiles of PCRs detecting HIV tenf>- 
piates (10^ initial ssDNA copies) using primer levels s 
from 2 (each primer) down to 0.05 \sM, A constant 
level of enzyme (2.5 U) was used in each PGR. Note 
that from 0.05 to 0.4 pM in primer concentration, the 
DNA level in the reaction rises to a certain level and 
remains constant If these final product levels are esti- io 
mated using the data in Fig. 4 and assuming 10.6 
pmole/pg of 142 bp PGR product, we see that for 0.05, 
0.10. and 0.20 pM primer, 0.05. 0.10. and 0.20 \jM prod- 
uct respectively, is made. At these levels, primer con- 
centration is apparently the limiting factor on yield of is 
product DNA. In contrast, at 0.8 pM primer concentra- 
tion and above, the DNA level is continuing to rise with 
each thermal cycle, as in Rg. 6A, and increasing 
amounts of primer have little effect on the profOe. By 
con^rison with the data in Rg. 6A. one would con- so 
dude that these reactions are now enzyme, and not 
primer, limited. 

[0096] The result of varying KGI concentration 
using the same HIV test system with 1 primers and 
2.5 U of enzyme per 100 ^l reaction are shown In Rg. zs 
10G. lag DNA polymerase activity is greatly inhibited by 
high concentrations of KCI. Gonsistent with this, at con- 
centrations of KCI of 125 mM or greater there is no 
detectable PGR product. With activated salmon sperm 
DNA as template there Is an optimum in lag DNA 30 
polymerase activity at 50-90 mM KQ. This assay shows 
that product yield is highest at 50, 75 and 100 mM KGI 
with only about half as much being made at 0 mM KCI. 
It is possible that this difference is due to low ionic 
strength destabilizing primer annealing, although incon- ss 
sistent with this is the observation that the efficiency of 
amplification using 0 mM KGI appears neariy the same 
as those at 50-100 mM KGI until about cycle 20. Only in 
later cycles does product yield fall off, similar to the 
results obtained with less polymerase in Rg. 6A. If 40 
primer annealing were destabilized, one would expect 
that amplification efficiency would be diminished for all 
cydes. 

[0097] Lastly, a known inhibitor of PGR. hematin, 
was added to PCRs at various concentrations. Hematin 45 
was added to the same HIV test system used before, 
except that a primer concentration of 0.2 pM was used. 
As shown in Rg 10D, at hematin concentrations of 0.2 
)iM and greater, no detectable DNA product is obtained. 
At 0.1 mM, the detection of product is delayed by 3-4 so 
cydes, suggesting that, in contrast with the results 
obtained with 0 mM KGI or reduced enzyme, the effi- 
ciency of amplification is being detrimentally affected 
both in eariy and later amplification cydes. This differ- 
ence in reaction profiles suggests that partially inhibited 55 
PGRs can be distinguished from uninhibited reactions. 
[0098] Refenring to Rgs. 11-13. sinplified flow 
charts illustrating the steps performed by the apparatus 



of the present invention are shown. Rg, 1 1 illustrates 
the overall fluorescence value obtaining steps. whOe 
Rgs. 12-13 show the fluorescence averaging and nor- 
malization subroutines. 

[0099] Refen^ing to Rg. 1 1. the process '6 started 
and cyde 1 fluorescence values are obtained. Then, the 
processor calculates normalization factors for each 
san^e. Then the fluoresc^ice value for each value in 
that cyde is normalized by multiplying each fluores- 
cence value by its respective normalization facta. The 
processor then outputs the normalized values and the 
next cyde of fluorescence values are obtained. This is 
repeated until the all of the fluorescence images are 
processed. Refenring to Rg. 12. which illustrates how 
the fluorescence values are obtained, the thermal cyder 
is started and the exdtation light source energized as 
the camera controller waits for a trigger signal. When 
the camera controller receives the trigger signal from 
the processor, it sends a signal to the camera to open 
the camera shutter for a period of n seconds in which 
the camera sums pixel values indicative of fluorescence 
before the shutter is cfosed. The analog Image is sent to 
the image processor where the image processor frame 
grabber digitizes the image. At this point the digitized 
image can be saved for subsequent processing or it can 
be processed in real-time. In the latter case, the image 
processor then assigns a group of pixels to an area 
encompassing one reaction tube and averages ail val- 
ues in that area to obtain a single fluorescence value 
vt^ich is stored. The processor repeats these steps until 
a single fluorescence value is obtained for all the reac- 
tion tubes in that cyde. Then the processor outputs the 
stored values for that cyde. The foregoing is then 
repeated for that cycle. Fig. 13 is a subroutine for the 
normalization factor obtaining step illustrated in Rg. 11. 
Rrst, the average value for all of the cyde 1 floor values 
is determined. Then, that average is divided by each flu- 
orescence value in cycle 1 to get normalization factors 
for each amplification reaction mixture which will then 
be used for the remaining cycles. Although the flow 
charts do not include cycle-to-cyde conection, such 
can also be accommodated by the processor. 
[plOO] Referring to Rgs. 14 and 15, a further 
ennbodiment of the exdtatfon light and fluorescence 
emissfons sensing arrangement for use in conjunction 
with apparatus 10 is shown. This excitation and fluaes- 
cence sensing arrangement is generally designated 
with reference numeral 100 and generally comprises a 
shell or housing 102 for covering recesses 24 in a fight- 
tight manner, a lamp or light source 14' for providing 
excitation light to reaction samples placed in the 
recesses, sensor or camera 16a' for detecting or sens- 
ing fluorescence emitted from the reaction samples and 
dichroic minror 1 04 for separating the excitation light and 
fluorescence emissions so that essentially only the 
en^ions are detected by camera 16a'. The fluaes- 
cence or amplification data is processed as descrfoed 
above. 
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[0101] Housing or shell 102 is shown as having a 
top wall 106, side wails 108.1 10. front wall 112 and rear 
wan 1 14. Shell or housing 102 is mounted on tte upper 
surface of thermal cycler 12 such that the housing 
encloses heat exchanger 22 and, thus, recesses 24. 5 
which are formed therein and sized to receive a number 
of tubes 26. which are configured to hold nudeic add 
anrplSication samples. More specif ically, housing 102 is 
constructed so as to form a light-tight chamber for the 
samples placed in sample tubes 26 as well as the opti- 10 
cat paths between the light source and the samples and 
the samples and the sensor. Accordingly, the hoi^ng is 
mounted to thermal cyder 12 to provide a light-tight 
connection therebetween. In additioa except for aper- 
tures 1 16 and 1 18. which are configured to receive exd- 15 
tation tight source or lamp 14* and lens piece 120 of 
camera 1 6a', the wails of the shell or housing are imper- 
forate and essentially consist of opaque material. In 
addition, the walls preferably conprise a material hav- 
ing a relatively low thermal conductivity, such as plas- 20 
tics, to impede heat transfer from the heat conducting 
memtser 22 and the samples in tubes 26. One suitable 
material for the housing walls is polycarbonate. 
[0102] A mechanism is provided to access the inte- 
rior of housing or shell 1 02 and. thus, to the samples In 2S 
heat exchanger 22. Referring to Rgs. 14 and 15, front 
wall 112 can be hingedly secured to top wall 106 by 
hinge 122 In order to provide such access. Although a 
particular configuration has been described with 
respect to the housing, It should be understood that 30 
other configurations can be used to form a light-tight 
chanrt)er for the excitation and fluorescence emissions 
light paths as well as the housing for the elements 
housed in housing 102 which are described in more 
detail below. 35 
[0103] Lamp or light source 14* essentially cfiffers 
from lamp 14 in configuration. Lamp 14' indudes a con- 
densing shield or shroud 14a' and bulb or filament 14b* 
for emitting light as does ianrp 1 4 and as is conventional 
in the art Lamp 14' is selected to provide light having a 40 
wavelength corresponding to the wavelength of light 
needed to excite the fluorescent binding agent present 
in the sample to be tested. For example, when using 
ethidium bromide as a fluorescent binding agent, light 
source 14' preferably is selected to emit UV light at a 45 
wavelength of about 302 nm. A suitable light source for 
providing 302 nm (UV) light is commercially avaOable 
from UV. Products. Inc. (CA) under model no. UVM-57 
(302 nm). It should be understood, however, that ethid- 
ium bromide can be excited at a wavelength of about so 
480 nm, as well as at about 302 nm. In addition, other 
f luorophores, such as other DNA binding dy^ or the 5* 
nudease homogeneous assay probes described above, 
can be exdted by non-UV wavelengths. Thus, a light 
source that generates 480 nm light can be used In the 55 
alternative. However, light sources that generate 480 
nm light generally provide a spectrum of visible light. 
Accordingly, when using such a light source, a filter is 



used to oi>tain the desired 480 nm output. Generally, 
any light source arrangement can be used as long as 
the desired wavelength is provided to the reaction mix- 
tures. Monochromometers and lasers are examples of 
suitable fight sources. 

[0104] Lamp 14* is coupled to housing 102 such 
that the excitation fight is directed through aperture 1 1 6. 
which is centered over recesses 24 to minimize nonuni- 
form light distrftxjtion thereover, and toward any sam- 
ples contained in recesses 24. It should be understood 
that lamp 14' can be positioned at other locations as 
well. For example, lamp 14' can be completely housed 
in housing 102 and aperture 116 eliminated. However, 
the light emitting element. e.g.. bulb 14b, is preferably 
parallel to the upper surface of heat exchanger 22 and 
centered over the recesses to enhance the uniformity of 
the light distribution over the heat exchanger for the rea- 
sons discussed above. If a filter is used to obtain the 
desired wavelength, the filter can be mounted, for exam- 
ple, to the housing at aperture 1 16 between the optical 
path of the lamp and the samples provided in recesses 
24. 

[01 05] Dichroic mirror 1 04. which preferably is a tow 
pass dichroic mirror, is positioned directly over heat 
exchanger 22 and preferably at an angle of about 45* to 
the upper surface of the heat exchanger to accommo- 
date the orientation of lamp 14* and camera 16a'. In the 
arrangement shown in the drawings, dichroic mirror 104 
is a low pass dichroic mirror, constructed to be transm^- 
sive or transparent to light having a wavelength corre- 
sponding to that emitted from excitation light source 14' 
and reflective to light having a wavelength correspond- 
ing to that emitted by the samples in recesses 24 when 
exposed to the exdtation light (see Rg. 15). Of course, 
the transmissive and r^lective characteristics of the 
dichroic mirror are selected according to the particular 
application. For example, when using ethidium bromide 
as the fluorescent binding agent, the excttation light 
wavelength can be about 302 or 480 nm as discussed 
above, in either case, the emission wavelength is at>out 
600 nm. Thus, the dichroic mirror can be constructed 
such that H is transnussrve to light having a wavelength 
of about 302 or 480 nm or transmissive to both about 
302 and about 480 wavelength light. In both cases the 
dichroic mirror is constructed to be reflective to light 
having a wavelength of about 600 nm. Fig. 16 shows a 
transmissivity v. wavelength curve that is representative 
of suitable characteristics for the cfichroic mirror when 
using ethidium bromide as a fluorescent binding agent, 
tn this example, the dichroic mirror is highly transmis- 
sive to fight having a wavelength in the range of about 
300 to 510 nm (the latter being the cut-off wavelength) 
and then becomes highly reflective as the wavelength 
approaches 600. It is also noted that a dichroic mirror 
having the properties illustrated in Rg. 16 can be used 
when other fluorescent binding agents are used such as 
fluorescein. Ruorescein has excitation and emission 
wavelengths of about 495 and 522 nm. respectively. As 
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to the degree o1 transmissivity and reflectivity, a mirror 
as shown in Fig. 16 which is capable of trarsmitting 
about 85% of the excitation Fight, while reflecting about 
98% of the emitted fluorescence toward camera 16a' 
has provided suitable results for detecting nucleic ampli- 
fication with ethidium bromide in accadance with the 
present invention. 

[0106] The foRowmg is given for purposes of illus- 
tration and is not intended to limit the invention. The 
specifications of one suitable dchroic minor for separat- 
ing excitation and emission light when using ethidium 
bromide as a fluorescent binding light are as follows: UV 
Transmitting 510 nm Cut-Off Short Pass: Transmission 
^ 80% Avg. 300-500 nm and ^ 65% absolute @ 300 nm: 
reflectivity ^ 90% abs. 525-610 nm; hard refractary 
oxide surface coating; substrate - Coming 7940 Fused 
Silicon; and Chamfer .010 x 45" all edges. Manufactur- 
ers of suitable dichroic mirrors include Omega Optical. 
Inc. (VT)and Janos Optical, Inc. (VT). 
[0107] Although a low pass arrangement has ben 
described, a high pass dichroic mirror can be i^ed in 
the alternative. However, when using a high pass dich- 
roic mirra. the positions of lanp 14' and camera 16a' 
are reversed as would be apparent to one of ordinary 
skill. 

[0108] Returning to the arrangement of the compo- 
nentry of the embodiment shown in Rgs. 14 and 15. 
dichroic mirror 104 is hingedly secured to ridge or pro- 
jection 126 by hinge 128 so that the mirror can be piv- 
oted for access to heat exchanger 22. Ridge or 
projection 126 extends from upper wall 106 and is con- 
structed to prevent or minimize light from light source 
14* from passing over hinge 128 toward camera 16a. 
[0109] A light shutter, diagrammatically shown and 
designated with reference numeral 124 in Fig. 15, is 
provided in accordance with the preferred embodiment 
to Itnrvt exposure of the reaction samples to the excita- 
tion light. As diagrammatically shown in Fig. 15, shutter 
124 can be slidably mounted to upper wall 106 to move 
between a first position (shown in solid line) where aper- 
ture 1 16 is open and a second position (shown in dotted 
line) where It covers aperture 116. The shutter can be 
sprnng-biased toward the closed position and solenoid 
actuated to the open position as is conventional in the 
art The shutter can be controlled, for example, to open 
only during the annealing/extension phase of each 
cyde during PCR, i.e.. when maximum fluorescence is 
expected. In this manner, the shutter improves system 
perfomnance by increasing sanple stability. Since the 
lamp is closer to the reaction samples in this enbodi- 
ment, the samples are subjected to relatively strong 
excitation tight intensity, which can cause sample degra- 
dation or photo-deactivation. otherwise known as 
'ttteaching." The shutter minimizes the anwunt of time 
the sample is exposed to the light and, thus, eliminates 
or significantly reduces the problem of bleaching. 
Although the shutter is shown coupled to housing 102. it 
can be coupled to lamp 14*. positioned directly above 



the heat conducting block and. thus, the samples or in 
some other manner to control sanple exposure to the 
excitation fight Other mechanisms to control or time 
such exposure can also be used 

5 [01 1 0] A field or piano convex lens 1 30 is provided 
between dchroic min^or 104 and lens piece 120 of cam- 
era 16a*. Field lens 130 deviates the rays reflected from 
minor 104 inward so that essentially all of the fluaes- 
cence emitted from the samples and heat exchanger 22 

10 is directed toward lens piece 120. ReW lens 1 30 prefer- 
ably is slidably mounted to housing 1 02 so that it can be 
moved toward or away from lens piece 120 depending 
on the wavelength of the sample emissions as would be 
apparent to one of ordinary skilL 

15 [01 1 1 ] A single filter or a plurality of filters, such as 
a filter wheel, can be coupled to the camera to permit 
only certain wavelength(s) to be detected. Refening to 
Rg. 1 5, a filter wheel 1 32 is shown coupled to lens piece 
120. as is conventional in the art. so that multiple labels 

20 or targets can be detected and morvtored. That is. the 
filters can be interchanged by rotating tiie wheel so that 
detection is limited to the desired wavelength. The inter- 
changing step can be carried out during each anneal- 
ing/extension phase or after a preselected number of 

25 cycles depending on the application. Alternatively, it is 
contemplated to use a camera that distinguishes wave- 
lengths such as a spectral imager. 
[01 1 2] Referring to Fig. 1 5, a heated transparent or 
transmissive window or member 134 preferably is pro- 

30 vided to improve thermal cycling conditions. Member 
134 shouki be at least suffknentiy transmissive so as to 
allow for the effective excitation of the samples and 
detection of the accompanying fluorescence. Heating 
member or window 134 can comprise quartz, for exam- 

35 pie. and can be placed on reaction tubes 26 or slightiy 
thereabova Heating member 134 generally is provided 
to maintain the thermal cycling temperature profiles of 
the reaction mixtures to follow the preselected profiles 
as close as possible and minimize reflux. The heating 

40 member is preferably maintained at a terrperature 
within the range of about 95-105''C. and preferably 
about 100*^0. That is, the window Is preferably main- 
tained at a temperature corresponding to the denatura- 
tion temperature. Member 134 can be heated with 

45 nichrome wire, for example, or other heating elements 
according to conventional practices. 
[01 1 3] Referring to Rg. 1 7. a heating member using 
a nichrome wire heating element is shown. It is also 
noted that although heating element 134 is shown as 

so covering a heat exchanger having only 9 recesses, this 
is merely for purposes of simplifying ttie drawing. 
Nichrome wire 136 can be embedded in member 134 or 
secured to the surface thereof. TTie wire preferably is 
arranged not to extend over the recesses 24 in the heat 

55 exchanger and. thus, not to Interfere with the optical 
paths of the excitation and emission light. The wire also 
is coupled to a conventional temperature controller 138 
that maintains tiie tenperature of element 134 at the 
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desired temperature. 

[01 14] A display preferably is coupled to the proces- 
sor for disf^aying data such as incficatnng if the target 
sequence is present as wel) as its concentration. In 
addition, with the continuous mor^toring of the amplifi- 
cations (discussed above), means for displaying the 
detected amplifications can be displayed as the amplifi- 
cations are progressing. TNs enables reductions in 
thermal cycling times. For example, if a decision can be 
made that a reaction mixture contains the target 
sequence at a relatively early stage, the sample can be 
removed and another placed in its position. Throughput 
is thereby increased. This is especially advantageous 
when loading a heat exchanger with up to 96 wells with 
different reaction mixtures (e.g., some testing for a 
genetic disease, some testing for HIV and so forth) or 
when the mixtures are loaded at different times. 
[0115] The above a detailed description of a par- 
ticular embodiment of the invention. It is recognized that 
departures from the disclosed embodiment may be 
made within the scope of the invention and ttiat obvious 
modifications will occur to a person skilled in tiie art 
The full scope of the invention is set out in the claims 
that follow and ttieir equivalents. Accadingly, ttie claims 
and specification should not be construed to unduly nar- 
row tiie full scope of protection to which the invention is 
entitied. 

Claims 

1. An apparatus for simultaneously monitoring multi- 
ple nucleic acid amplifications characterized in ttiat 
it comprises: 

(a) a thermal cycler (12) including a heat con- 
ducting member (22) having multiple recesses 
(24) formed ttierein; 

(b) a light source (14,14*) optically coupled to 
tiie thermal cycler and arranged to distribute 
light over a plurality of ttie recesses in tiie heat 
conducting member; and 

(c) a sensor (16.16a') arranged for simultane- 
ously detecting light emitted from the plurality 
of recesses. 

2. An apparatus according to claim 1 characterized in 
that it further comprises means for generating an 
average value for light detected by the sensor witii 
respect to each light emitting recess. 

3. An apparatus accading to claim 1 characterized in 
tiiat It furttter comprises 



mixtures, each mixture comprising a fluores- 
cent binding agent and being disposed in a (Af- 
ferent one of the recesses; 
and in that 

5 the right source provides an essentially uniform 

light flux to a plurality of the reaction mixtures; 
and 

the sensor being opticaDy coi^led to the plural- 
ity of reaction mixtures for simultaneously 
10 detecting fluorescence emitted from each of 

the plurality of reaction mixtures. 

4. An apparatus according to claim 3 characterized in 
ttiat it furttier comprises means for generating an 

15 average fluorescence intensity value for each 
excited reaction mixture based on ttie detected flu- 
orescence therefor. 

5. An apparatus according to claim 4 characterized in 
20 ttiat it further comprises means for generating nor- 
malized fluorescence intensity values from the 
average fluorescence Intensity values. 

6. An apparatus according to claim 1 characterized in 
25 ttmt 

the recesses of ttie heat conducting member of 
the ttiermal cycler are formed ttirough a sur- 
face ttiereof for receiving reaction vessels (26) 
30 containing a nudeic acid amplification reaction 

mixtures; and in that 

said sensor is an imaging device optically cou- 
pled to the heat conducting member for gener- 
ating an Image of ttie suriace and reaction 
35 vessels when the vessels are disposed in ttte 

recesses of ttie heat conducting member. 

7. An apparatus according to claim 6 characterized in 
ttiat it furttier comprises a light source arranged to 

40 provide light over said heat conducting member 
surface. 



8. An apparatus according to daim 7 wherein said 
light source is arranged to distribute fight essentially 
uniformly afong said heat conducting member sur- 
face. 



45 



SO 



9. An apparatus according to claim 7 wherein said 
light source comprises a UV lamp. 

10. An apparatus according to claim 6 wherein said 
imaging device comprises a CCD-imaging array. 



(a) means for cycling ttie temperature of the 
heat conducting member according to a prese- ss 
lected temperature versus time profile for multi- 
ple cycles; 

(b) multiple nucleic acid amplification reaction 



An apparatus according to daim 1 characterized in 
ttiat ttie heat conducting member of ttie thermal 
cyder has nuiltiple recesses formed ttierein and 
adapted for receiving nudeic acid anrplification 
reaction mixtures, and in that said apparatus further 
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comprises 

a housing positioned over the heat concfticting 
member and coupled to the thennal cycler; 
the light source is arranged to emit fight in the s 
housing and tmvard a plurafity of the recesses: 
and 

a dichroic mirror positioned in the housing and 
optically coupled to the light source and to the 
plurality of recesses* the dichroic mirror being 10 
transmissive to light having a first predeter- 
mined wavelength and reflective to light having 
a second predetermined wavelength that dif- 
fers from the first predetermined wavelength: 
and IS 
the sensor being optically coupled to the dich- 
roic mirror and anranged for simultaneously 
detecting light emitted from the plurality of the 
recesses. 

20 

12. An apparatus according to claim 11 wherein the 
first predetermined wavelength corresponds to the 
wavelength of light generated by the tight source 
and the second predetermined wavelength corre- 
sponds to the wavelength of light emitted from a 25 
nucleic acid amplification mixture when that mixture 

is disposed in one of the recesses and exposed to 
light from the light source. 

13. An apparatus according to claim 11 wherein the so 
first predetermined wavelength is about 200-550 
nm. 

14. An apparatus according to claim 11 wherein the 
housing comprises opaque material and is con- 35 
structed to form a light-tight chamber in which the 
dichroic mirror and the sensor are arranged. 

15. An apparatus according to claim 11 wherein the 
heat conducting member has an upper surface and 40 
the dichroic minror forms an angle of about with 
the Mpper surface. 



prising a field lens arranged between the dichroic 
mirror and the sensa. 

20. An apparatus according to daim 11 further com- 
prising a fitter wheel coupled to the sensor. 

21. An apparatus according to daim 1 characterized in 
t^t the heat conducting member of the thermal 
cycler has multiple recesses tonned therein for 
receiving nucleic add amplification reaction mix- 
tures induding a nudeic add sequence and a fluo- 
rescent binding agent and in that said apparatus 
further comprises 

a housing positioned over the heat conducting 
member and being coupled to the thermal 
cyder; whereby 

the tight source is arranged to emit light in the 
housing: and 

the sensor is arranged in the housing and 
a dichroic minror positioned in the housing and 
above the recesses, the dichroic minor being 
transmissive to light having a wavelength corre- 
sponding to the wavelength of light generated 
by the light source and reflective to light having 
a wavelength corresponding to the wavelength 
of fluorescence emitted from a nudeic acid 
amplification mixture, including a fluorescent 
binding agent, when that mixture is disposed in 
one of the recesses formed in the heat con- 
ducting member and exposed to fight from the 
light source, the mirror t>e oriented to form an 
optical path between the recesses and the sen- 
sor. 

22. An apparatus according to claim 21 wherein said 
dichroic mirror comprises a first surface and a sec- 
ond surface, the first sur^ce generally fadng the 
light source and the second surface generally fac- 
ing the recesses and the sensor. 

PatemansprOche 



16. An apparatus according to daim 11 wherein said 
sensor comprises a charge coupled device. 45 

17. An apparatus according to daim 11 further oon>- 
prising a shutter for regulating the exposure of the 
recesses to the light source at preselected inter- 
vals, so 

18. An apparatus according to daim 11 further com- 
prising a window comprising transparent material 
and a heating element coupled thereto, the window 
being disposed between the recesses and the (fich- ss 
roic mirror. 

19. An apparatus according to daim 11 further conh 



1. Vorrichtung zur gleichzeitigen Ubenvachung meh- 
rerer Nukleinsdure-Amplifikationen. gekenn- 
zeichnet durch: 

(a) einen Thermalcyder (12) mit einem Wdr- 
meleiter (22). in welchem eine Anzahl Ausneh- 
mungen (24) gebildet sind. 

(b) eine mit dem TTiermalcyder optisch gekop- 
pelte Ltchtquelle (14. 14*) zur Abgabe von Licht 
auf die Anzahl Ausnehmungen im Wdrmeleiter. 
und 

(c) einen Sensor (16. 16a') zur gleichzeitigen 
Erfassung des aus der Anzahl Ausnehmungen 
austretenden Uchts. 
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2. Vorrichtung nach Anspruch 1» dadurch gekenn- 
zeichnet, dass ste ausserdem Mittel zur Bildung 
eines Mitlelwerts des durch den Sensor fOr jede 
fichtenvttierende Ausnehmung erfassten Lichts ent- 
hafl 

3. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet. dass ste ausserdem 

(a) Mittel zur DurchfOhrung von Temperaturzy- 
Wen des Warmeleiters gemflss einem vorbe- 
stimmten Temperatur-Zeit-Profil fur mehrere 
ZyMen aufweist. sowie 

(b) eine Vielzahl Reaklionsgemlsche fur NuWe- 
insdure-Amptlf tkationen enthaiten, wobei jedes 
Reaktionsgemrsch ein f luoreszierendes Binde- 
mittel enthdtt und in je einer Ausnehmung 
angeordnet ist; 

und dass 

die Lichtqueile die Abgabe eines Uchtstromes 
mit im wesentlichen gleichmdssigen Uchtinten- 
sttat an die Vielzahl Beaktionsgemische 
geslattet und 

der Sensor mit der Anzahl Reaktionsgemische 
optisch gekoppett ist urn die jeweils von den 
Reaktionsgemischen abgegebene Fluores- 
zenz gleichzeitig zu erfassen. 

4. Vorrichtung nach Anspruch 3. weiterhin gekenn- 
zeichnet durch Mittel zur Bildung eines Mrttelwerts 
der Fluoreszenz-lntensitat jedes angeregten Reak- 
tionsgemischs anhand der erfassten Fluoreszenz 
desselben. 

5. Vorrichtung nach Anspruch 4, weiterhin gekenn- 
zeichnet durch Mittel zur Bildung standardisierter 
Ruoreszenz-lntensitatswerte anhand der Ruores- 
zenz-lntensitatsmittelwerte. 

6. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Ausnehmungen des Warmelei- 
ters des Thermalcyders in einer Oberfiache 
desselben ausgebildet sind, um Reaktionsgefdsse 
aufnehmen. welche Reaktionsgemische fOr Nukle- 
insdure-Amplifikationen enthaiten, und dass 

der Sensor eine Abbildungsvonrchtung ist. wel- 
che mit dem Wdrmeieiter optisch gekoppelt ist 
um eine Abbildung der Obeifidche und der 
Reaktionsgefdsse zu erzeugen. wenn sich die 
Gefdsse in den Ausnehmungen des warmelei- 
ters bef inden. 

7. Vonichtung nach Anspmch 6. weiterhin gekenn- 
zelchnet durch eine Lichtqueile zur Beleuchtung 
der Oberf Idche des Wdrmeleiters. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 



zek^hnet dass die Uch^uelle geetgnet ist. das 
Licht im wesentlichen glek^hmSssig entlang der 
Oberfiache des Wdrmeleiters zu verteilen. 

5 9. Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet dass die Lichtqueile eine UV-Lampe auf- 
weist. 

m Vorrichtung nach Anspruch 6. dadurch gekenn- 
10 zeichnet. dass die At]bildungsvorrk;htung eine 
CCD-AbbSdungsanofdnung aufweist 

11. Vorrichtung nach Anspruch 1, dadurch gekenn- 

zerchnet. dass im Warmeleiter des Thermalcyclers 
15 mehrere Ausnehmungen zur Aufnahme von Reakti- 
onsgemischen for Nukleinsaure-Amplifikationen 
gebildet sind, und die Vorrichtung weiterhin 

ein uber dem Warmeleiter angeorcfrietes 
20 Gehause aufweist. welches mit dem Themial- 

cyder vertxjnden ist und 
die Lichtqueile im Gehause Lk;ht aussendet 
und eine Anzahl Ausnehmungen beleuchtet. 
sowie 

25 ein dichroitischer Spiegel im Gehause ange- 

ordnet ist, der mit der Lichtqueile und der 
Anzahl Ausnehmungen optisch gekoppelt ist, 
wobei der dichroitische Spiegel fur LJcht mit 
einer ersten voibestimmten Weileniange 

30 durchiassig ist und Licht nit einer zweiten vor- 

besHmmten. von der ersten vorbestimmten 
WeReniange abweichenden Weileniange 
reflektiert und 

der Sensor mit dem dichroitischen Spiegel 
35 optisch gekoppelt ist und das von der Anzahl 

Ausnehmungen abgegebene Licht gleichzeitig 
erfassen kann. 

12. Vonichtung nach Anspruch 11, dadurch gekenn- 
40 zeichnet, dass die erste vorbestimmte Weileniange 

der Weileniange des von der Ltohtquelle erzeugten 
Lichts entspricht und cfie zwehe vorbestimmte Wei- 
leniange der Weileniange des Lichts entspricht, 
welches von einem Nukfeinsdure-Anplif B^tionsge- 
45 misch ausgeht, wenn sich das Gemtsch in einer der 
Ausnehmungen befirxlet und von der Lichtqueile 
beleuchtetwird. 

13. Vorrichtung nach Anspruch 11, dadurch gekenn- 
50 zeichnet dass de erste vorbestimmte Weileniange 

ungefahr 200 - 550 nm betragt. 

14. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zekshnet dass das Gehause undurchsk;htiges 

55 Material aufweist und als lichtdtohte Kammer aus- 
gebikJet ist in welcher der dichroitische Spiegel 
und der Sensor angeordnet sind. 
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15. Vorrichtung nach Anspruch 11. dadurch gekenn- 
zeichnet dass der Wdrmeleiter eine obere FIdche 
aufweist und der dichroitische Spiegel einen Winkel 
von ungefahr 45*" zu cter oberen Rdche biidet 

16. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet dass der Sensor eine ladungsgekoppette 
Vorrichtung aufweist. 

17. Vorrichtung nach Anspruch 11. weiterhrn gekenn- w 
zeichnet durch eine Blende zur Regulierung der 
Beteuchtung der Ausnehmungen durch die Licht- 
queRe in bestimmten Zeitabstdnden. 

18. Vorrichtung nach Anspruch 11, weiterhin gekenn- is 
zeichnet durch ein Fenster aus durchsichtigem 
Material und ein damit gekoppeltes Heizelement. 
wobei das Fenster zwischen den Ausnehmungen 
und dem dichroitischen Spiegel angeordnet ist 

20 

19. Vorrichtung nach Anspruch 11, weiterhin gekenn- 
zeichnet durch eine Feldlinse. welche zwischen 
dem dichroitischen Spiegel und dem Sensor ange- 
ordnet ist 

2S 

20. Vorrichtung nach Anspruch 11, weiterhin gekenn- 
zeichnet durch einen mit dem Sensor gekoppetten 
RIterrevolver. 

21. Vorrichtung nach Anspruch 1. dadurch gekenn- so 
zeichnet dass im Wdrmeieiter des Thermalcyclers 
mehrere Ausnehmungen zur Aufnahme von Reakti- 
onsgemischen for NuWeinsSure-AmpIifikationen 

mit einer NuWeinsauresequenz und einem fluores- 
zierenden Bindemittel gebildet sind. und dass die 3$ 
Vorrichtung weiterhin 

ein uber dem Wdrmeieiter angeordnetes 
Gehduse aufweist welches mit dem Thermal- 
cycler verbunden ist, wobei 40 
die Lichtquelle im Gehduse Ucht aussendet 
und 

der Sensor im Gehduse angeordnet ist, scwie 
einen dichroitischen Spiegel, der im Gehduse 
und uber den Ausnehmungen angeordnet ist, 4S 
wobei der dichroitische Spiegel tOr Ucht mit 
einer der Wellentdnge durchldssig ist wefche 
der Wellenldnge des von der Lichtquelle 
erzeugten Lichls entspricht und Lk:ht mit einer 
zweiten Wellenldnge reflektiert. welche der so 
Wellenldnge der Fluoreszenz entspricht, wel- 
che von einem NuWeinsdure-Anrplifikationsge- 
misch mit einem fluoreszierenden Bindemittel 
ausgeht wenn sich das Gemisch in einer der 
im Wdrmeieiter ausgebikJeten Ausnehmungen ss 
befindet und von der Lichtquelle beleuchtet 
wird. wobei der Spiegel so ausgerichtet ist 
dass ein optischer Weg zwischen den Ausneh- 



mungen und dem Sensor gebildet wird. 

22. Vorrichtung nach Anspruch 21. dadurch gekenn- 
zeichnet, dass der dichroitische Spiegel eine erste 
und eine zweite Oberfldche aufweist, wobei die 
erste Oberildche ailgemein der UchtqueUe zuge- 
wandt und de zweite Oberfldche ailgemein den 
Ausnehmungen und dem Sensor zugewandt ist 

Revendtcations 

1. Appareii pour la sun/eiliance simultante d'amplifi- 
catbns multiples tfacides nud^ques. caract§ris6 
en ce qu'il oomprend: 

(a) un cydeur thernuque (12) comprenant un 
6l6ment conducteur de chaleur (22) dans 
lequel est fbrm^e une plurality d*6videments 
(24). 

(b) une source de tumidre (14, 14} optique- 
ment accouplde au cycleur thermique et capa- 
ble de distribuer la lumi^re sur une plurality 
d'^videments de r^l^nent conducteur de cha- 
leur. et 

(c) un d^tecteur (16. 163*) capable de d6tecter 
simuftan^ent la lumi^e ^ise de ladite plura- 
lity d'6videments. 

2. Appareii selon la revendication 1 . caract6ris6 en ce 
quil comprend en outre des moyens permettant de 
g^n^rer une vateur moyenne de la lumi^re d6tect6e 
par le d6tecteur pour cheque 6videment 6metteur 
de lumi^re. 

3. Appareii selon la revendk»tion 1 . caract6ris6 en ce 
quil comprend en outre 

(a) des moyens permettant d'effectuer des 
cydes thermiques de r^l^ent conducteur de 
chateur selon un profil temp6rature/temps 
d6termin6 pour plusieurs cydes. 

(b) une plurality des melanges r6actionnels 
pour amplifications d'acides nud^k^es. cha- 
que melange comprenant un Bant fluorescent 
et ytant dispose dans un 6vkiement different 
et en ce que 

la source de lumiyre fournit un flux lumineux 
essentiellement untforme vers une plurality 
desdits melanges ryactionnels. 
le dytecteur ytant optKjuement accoupiy d 
ladite plurality de myianges ryactionnels afin 
de dytecter simultanyment la fluorescence 
ymise par chacun parmi la plurality de myian- 
ges ryactkmnels. 

4. Appareii seton la revendication 1 , caractyrisy en ce 
quil comprend en outre des moyens permettant de 
gynyrer une valeur moyenne de fintensity de la 
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fluorescence pour chaque melange r^actionnel 
excite sur la base de la fluorescence cl6tect§e de ce 
dernier. 

5. Appareit seton la revendication 1 , caract6ris6 en ce 5 
quH coniprend en outre des mc^ens permettant de 
g6n6r6r des valeurs standardis^es de llntensft^ de 

la fluaescence sur la base des valeurs mcyennes 
de llntensitS de la fluorescence. 

10 

6. Appareil s^on la revendication 1 , caract§ris6 en ce 
que les 6videments de r^^ment oonducteur de 
chaleur du cydetr thermique son! formes dans une 
surface de ce dernier pour recevoir des r^acteurs 
(26) contenant des melanges r^actionnels pour is 
annpliflcations d'acides nud^iques. et en ce que 

ledit d^ecteur est un dtsposHH imageur opti- 
quement accoupl§ d r6l6ment conducteur de 
chaleur pour g^n^rer une image de la surface 20 
et des r^acteurs lorsque les r^acteurs sont dis- 
pose dans les ^dements de r§l6ment oon- 
ducteurde chaleur. 

7. Appareil selon la revendication 6. caract§ris^ en ce 25 
qu'il comprend en outre une source de lumi^re per- 
mettant dltluminer ladite surface de r^l^ment con- 
ducteur de chaleur. 

8. Appareil selon la revendication 7. caract^'s6 en ce 30 
que ladite source de lumi^e permet de distribuer la 
lumi^re essentiellement uniform^ment le long de 
ladite surface de l'616nient conducteur de chaleur. 

9. Appareil selon la revendication 7, caract^ris^ en ce 3S 
que ladite source de lumi^re comprend une lampe 

d rayons UV. 

10. Appareil selon la revendication 6» caract^ris^ en ce 
que ledit dispositif imageur comprend un Imageur k 40 
mosaique CCD. 

11. Appareil selon la revendication 1. caract6ris6 en ce 
que t'^l^ent conducteur de chaleur du cycleur 
thermique a une plurality d'6videments form§s 45 
dans ledit ^Itoent et adapt^s d recevoir des melan- 
ges r^actionnels pour amplifications d'acides 
nucl6lques, et en ceque ledt appareil comprend en 
outre 

so 

un boTtier dispose sur r^6ment conducteur de 
chaleur et reli6 au cycleur thermique. et que 
la source de lumi^re permet remission de 
lunru^e dans le boilier et vers une pluralH6 des- 
dits 6videments* et ss 
un miroir dichroTque situ6 dans le boTtier et 
optiquement accoupi^ k la source de lumt^re et 
k ladite plurality d'6videments, le miroir dichroT- 



que etant transmissif de lumi^re ayant une pre- 
mise longueur d'ondes pr^^termin^e et 
r6fl6ctif de tumidre ayant une deuxi^me lon- 
gueur d*ondes pr6d^ermin§e qui est diff ^rente 
de la premise longueur d'orxfes pr6d6termi- 
n§e. et 

le d^tecteur 6tant optiquement acooupl6 au 
miroir dichroique et capable de d^ecter simul- 
tangent la lumidre Mise de la pluraGt6 d'6vi- 
dements. 

12. Apparal selon la revendication 11, caract6ris6 en 
ce que la premiere longueur d'ondes pr6d6teniv- 
n§e correspond k la longueur d'ondes de la lumi^e 
g§n6r6e par la source de lumi^re, et la deuxidme 
longueur d'orKies pr6d6termin6e correspond k la 
longueur d'ondes de la lumi^re ^mise par un 
m^ange pouc amplification tfacides nucl6iques 
lorsque ce melange est dispose dans Tun des 6vi- 
dements et expose k la lumi^re de la source de 
lumidre. 

13. Apparel selon la revendication 11. caract^is^ en 
ce que la premiere longueur d'ondes pr^^ermi- 
n4e est ^ale k environ 200 d 550 nm. 

14. Appareil selon la revendication 11, caract^s^ en 
ce le boTtier comporte de la mati^re opaque et est 
construit sous fbmne d'une chambre Blanche k la 
lunv^re dans laquelle son! disposes le miroir 
dichroTque et le d6tecteur. 

15. Appareit seton la revendication 11. caract6ris6 en 
ce que r^l^ment conducteur de chaleur pr^sente 
une face sup^rieure. et que le miroir dichroTque 
forme un angle d'environ 45"* avec ladite face sup^ 
rieure. 

16. Appareit selon la revendication 11. caract^is^ en 
ce que ledit d^tecteur comprend un dispositif k cou* 
plage de charge. 

17. Appareil selon la revendication 11, caract^ls6 en 
ce qull comprend en outre un diaphragme permet- 
tant de r^gter Pexposition des §videments k la 
source de lumi^re k des intervalles pr6d6terminte. 

18. Appareil selon la revendication 11, caract6ris6 en 
ce qu1l comprend en outre une f endtre comportant 
de la mati^re transparente et un element de chauf- 
fage y reti6. la fendtre 6tant disposes entre les 6vi- 
dements et le miroir dichroTque. 

19. Appareil selon la revencfication 11. caract6rls6 en 
ce qu'il comprend en outre une lentille de champ 
dispos6e entre le miroir dichroTque et le d6tecteur. 

20. Appareil selon la revendication 11. caract^is^ en 
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ce qui) comprend en outre un revolver de fOtres 
reli6 au d§tecteur. 

21. Appareil selon la revencfication 1. caract^risd en ce 
que des 6videments multiples sent form^ dans s 
rdl^ment conducteur de chalajr du cycieur ther mi- 
que pour recevoir des melanges rtoctionnels pour 
ampfifications tfacides mjct^iques oontenant une 
sequence d'acide nucl^que et un liant fluorescent. 

et en ce que ledH appareil comprend en outre io 

un bortier dispose sur T^^ent conducteur de 
chaleur et rell6 au cycieur thermique. 
la source de lunv^re permettant remission de 
lumi^re dans le boTtier, et is 
le d^tecteur 6tant dispose dans le boTtier. et 
un miroir dichroTque sltu6 dans le boTtier et au- 
dessus des 6videments. le miroir dichroTque 
6tant transmissif de lumt^e ayant une lon- 
gueur d'ondes qui con^espond d la longueur 2o 
d'ondes de la lumi^e g^n^r^e par la source de 
lumi^re et r6fl6ctif de iumi^re ayant une lon- 
gueur d'ondes qui conrespond d la longueur 
d'ondes de la fluorescence de la lumi^re ^ise 
par un melange pour amplification d'acide 2S 
nucl6ique contenant un liant fluorescent, lors- 
que ce melange est dispose dans Tun des M- 
dements formes dans T^l^ment conducteur de 
chaleur et expose ^ la iumi^re de la source de 
tumi^re, le miroir 6tant orients de mani^re ^ 30 
former un parcours optique entre les 6vide- 
mentsetled6tecteur. 

22. Appareil selon la revendication 21. caract^ris^ en 

ce que ledit miroir dichroTque comprend une pre- 3S 
mke surface et une deuxi^e surface, la premiere 
surtece 6tant g6n6ralement en regard de la source 
de lumi^re. et la deuxi^e surface 6tant g6n6rale- 
ment en regard des 6videments et du d6tecteur. 
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